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__ Science &
e Engineering, Inc.
A CILCORP -;*

March 4, 1994
ESE# 3924075G-0400-3200

Ms. Pam Moss
Enserch Environmental Corp.
143 Union Blvd., Suite 1010
Lakewood, CO 80225-1824

Subject: Tooele South Chain-of-Custody Records

Dear Ms. Moss:

Enclosed are the chain-of-custody (C-O-C) records for the soil, water, and field QC samples
collected at Tooele Army Depot (TEAD) - South Area from June, 1992 through August, 1993
and sent to ESE, Gainesville, Florida for analysis. There were some cases where information
from the Enserch C-O-C was transcribed onto ESE forms for proper entry into the ESE data. management system.

The samples were analyzed according to procedures certified by USAEC for the analysis of
soil and water samples by methods included in the above referenced statement of work.

The C-O-Cs are organized in chronological order by date of sample collection. An ESE
summary of all these samples is also provided.

If you have any questions please contact me at (904) 333-1627 or (800) 874-7874, ext. 1627.

Sincerely,

ENVIRONM NTAL SCIENCE & ENGINEERING, INC.

Joseph J. Vondrick

Sr. Project Scientist

RECEIVED

MAR - 7 1994

ENSERCH ENVIRONMENTAL
DENVER OFFICE

P.O. Box 1703 Gainesville, FL 32602-1703 Phone (904) 332-3318 (800) 874-7872 Fax (904) 333-6622



Environmental Science & Engineerinq. Inc. 03/04/94 PACE I 1

PROJECT NUMBER 391400BV LOOS PROJECT NAME TOOELE - EBASCO
FIELD GROUP TSEBS PROJECT MANAGER J.J. VONDRICK

7TORET CODE: 71999 99759 72015 72005 99720
IETHOD CODE: 0 0 0 0 0
'ARAMETER: SAM TYPE SITE TYPE DEPTH S TECH INSTAL
INITS: FEET SAMPLE
LO.GRP. # SAMPLE ID DATE TIME

TSEBS 7 S-SS-20-01 06-24/92 17:20 SR SPTK 0.3 G TS
TSEBS 0 S-SS-20-02 06,/24/92 17:20 SR SPTK 0.3 G TS
TSEBS 2 S-SS-33-02 06/24/92 08:14 SO BORE 0.3 C TS
TSEBS 3 S-SS-33-03 06/24/92 08:34 SO BORE 0.3 G TS
TSEBS 4 S-SS-33-04 06/24/92 00:49 so BORE 0.3 G TS
TSEBS 5 S-SS-33-05 06/24/92 09:04 so BORE 0.3 G TS
TSEBS 6 S-SS-33-06 06/24/92 09:18 SO BORE 0.3 G TS
TSEBW I S-3 06/24/92 14:30 GW WELL 33.0 B TS
TSEBW 2 S-3 06/24/92 14:30 GW WELL 33.0 B TS
TSEBW 3 S-46-90 06/24/92 15:10 GW WELL 22.2 B TS
TSEBW 4 S-RB-33-06 06/25/92 14:10 so RNSW NA G TS
TSEBS 9 S-SS-22-08 07/07/92 11:40 so BORE 0.0 G TS
TSEBS 10 S-SS-22-72 07/07/92 11:40 SO BORE 0.0 G TS
ISEBS I S-SS-33-01 07/07/92 13:15 so BORE 0.3 G TS
TSEBW 5 S-RB-22-08 07/07/92 10:35 so RNSW 0.0 G TS
TSEBW 6 S-SW-22-01 07/07/92 11:00 SW TANK 0.0 C TS
TSEBW 7 DECONH20 07/09/92 10:50 SW RNSW 0.0 G TS
TSEBW 16 I-S 10/14/92 11:3A GW WELL 0.0 P TS
TSEBW 17 101492 10./14/92 GW TRIP 0.0 C TS
ITECS 72 25-IBA-59 11/06,/92 15:00 so CRAB n.1 C TS
TSECS 77 25-IBA-65 11.06/92 15:33 SO CRAB 0.1 G TS
7SECS 73 25-IBA-67 11/06/92 16:30 so GRAB 0.1 G TS
TSECS 13 01-IA-60 11/07/92 17:10 SO BORE 0.1 G TS
ISECS 70 01-IA-80 11/07/92 12:20 SO GRAB 0.1 G TS
TSECS 75 01-IA-88 11/07/92 16:30 so GRAB 0.1 G TS
ISECS 76 0-NBA-61 11/07/92 14:20 so GRAB 0.1 C TS
rSECS 85 01-PCA-74 11/07/92 11:20 so GRAB 0.1 G TS
TSECS 12 VI-PCA-88 11/07/92 16:35 SO GRAB 0.1 G TS
ISECS 78 01-SPDA-77 11,/07/92 14:55 SO GRAB (1.1 C TS
ESECS 15 01-MP-89 11/08/92 10:40 SO GRAB 0.1 C TS
TSECS 18 OI-MP-B9A 11/08/92 14:10 so GRAB 0.1 G TS
TSECS 14 01-MP-89B 11,"08/92 12:00 so GRAB 0.1 C TS
FSECS 16 01-MP-B9C 11/08/92 12:35 so GRAB 0.1 G TS
TSECS 17 0I-MPVU-1 11/08/92 11:25 so COMP 0.1 C T.
TSECS 96 0I-MPVU-2 11,08/92 13:25 SO COMP 0.I C TS
TSECS 11 0I-MPVU-3 11/08/92 14:47 so COMP 0.1 C TS
ISECS 87 01-MSD-58 II/08/92 15:26 SO GRAB 0.1 G TS
TSECS 69 01-MSD-59 11/08/92 16:15 SO CRAB 0.1 r TS
TSECS 02 AII-HBA-84 11/09/92 10:35 SO GRaB 0.1 G TS
TSECS 80 01-HBA-B5 11,•09/92 09:55 SO CRAB 0.1 G TS
TSECS 81 01-HBA-92 11/09/92 11:30 SO COMP 0.1 G TS
ISECS 83 01-HBA-93 11/09/92 08:50 SO GRAB 0.1 G TS
TSECS 84 O1-HBA-93A 11/09/92 08:50 SO GRAB 0.1 G TS
TSECS 41 01-SPDA-99 1i/09/92 12:45 so GRAB 0.1 C TS
TSECS 22 01-CP-44 ,1/10/92 11:00 SO GRAB 0.1 G TS
TSECS 20 01-CP-63A 11/10/92 09:15 so GRAB 0.1 C TS
TSECS 21 01-DA-44-2 11/10/92 10:00 so GRAB 0.1 C TS
TSECS 47 0I-MP-82 11/10/92 12:55 SO GRAB 0.1 C TS
TSECS 46 01-MPVLI-4 11/10/92 12:20 SO COMP 0.1 C TS
TSECS 42 01-CBA-30 11/11/92 10:10 SO GRAB 0.1 C TS
TSECS 66 eI-CP-B9B 11/11/92 13:55 so GRAB 0.1 G TS
TSECS 48 OI-IAM-13 11/11/92 16:10 SO GRAB 0.1 C TS
TSECS 59 01-IAM-I5 11/11/92 15:35 so GRAB 0.1 G TS
ISECS 88 01-IBA-1 11/11/92 14:50 so COMP 0.1 C TS
TSECS 67 01-IBA-2 11/11/92 16:45 SO COMP 0.1 C TS
TSECS 60 01-MHA-1 11/11/92 12:00 SO GRAB 0.1 TS
TSECS 61 .1-MHA-2 11/1,1/92 12:45 so GRAB n.] G TS
TSECS 44 01-MHAV 11/11/92 11:10 so COMP 0.1 C TS
TSECS 40 01-TA-30-I 11/11/92 08:25 SO GRAB rt.1 T7
ISECS 39 01-TA-30-2 11/11/92 09:20 SO GRAB 0.G G TS
ESECS 49 01-CBA-8 11/12/92 11:20 so GRAB 0.G T
TSECS 62 01-IAM-Il 11/12/92 08:50 so GRAB TS.1 C 7
TSECS 57 01-IAM-8 11/12/92 10:00 SO CR.B (P.J C TS
TSECS 28 VI-IAM-8A 11/12/92 10:00 so GRAB .1 TS
TSECS 55 01-IBA-3 11/12/92 09:25 so COMP :.1 C TI;
TSECS 56 OI"IBA-4 11/12/92 11:00 SO COMP 0.1 C TS
TSECS 27 01-NEAS-I 11/12/92 15:20 SO COMP 0.1 C TS
TSECS 25 01-PBA-55 11/12/92 13:55 so COMP 0.1 C TS
TSECS 45 01-SECI 11/12/92 14:40 so COMP 0.1 C TS
TSECS 37 25-AM-58 11/14/92 12:40 SO GRAB 0.1 G TS



Environmental Science 8 Enpineerin9. Inc. 03.'4/94 PAGE # 2

PROJECT NUMBER 3914008V L005 PROJECT NAME TOOELE - EBASCO

FIELD GROUP TSEBS PROJECT MANAGER J.J. VONDRICk

•JRET CODE: 71999 99759 72015 72005 99720

rODE: 0 0 0 V 0

SAM TYPE SITE TYPE DEPTH S TECH INSTAL
FEET SAMPLE

FLD.-. # SAMPLE ID DATE TIME
TSECS 90 25-CT-07 11/14/92 16:30 SO COMP 0.1 C TS

tSECS 92 25-CT-08 11/14/92 16:05 so COMP 0.1 C TS

TSECS 31 25-CT-52 11/14/92 13:07 SO COMP A.1 C TS

TSECS 24 25-IBA-60 11/14/92 08:50 so GRAB 0.1 G TS

TSECS 89 25-IDC-10 11/14/92 15:25 so GRAB 0.1 G TS

TSECS 91 25-IDC-IOA 11/14/92 15:25 so GRAB 0.1 G TS

MSECS 32 25-NIA-52 11/14/92 13:20 so GRAB 0.1 G IS

TSECS 30 25-NWAS 11/14/92 14:25 so COMP 0.1 C TS

TSECS 36 25-UA-1 11/14/92 14:04 so COMP 0.1 C TS

TSECS 29 25-UA2 11/14/92 15:00 SO COMP 0.1 C TS

TSECS 93 25-UA3 11/14/92 16:15 so COMP 0.1 C TS

TSECS 35 25-WIND 11/14/92 09:30 so GRAB 0.1 G TS

TSECS 38 2SMAI 11/14/92 11:00 so GRAB 0.1 G TS

TSECS 33 25MA2 11/14/92 11:20 so GRAB 0.1 G TS

TSECS 2 25-AM-58 11/18/92 13:38 so GRAB 9.5 G TS

TSECS 7 25-AM-SB 11/18/92 12:05 so GRAB 4.5 G TS

TSECS 94 25-AM-58 11/18/92 12:05 so GRAB 4.5 G TS

TSECS I 25-WIND 11/18/92 16:00 so GRAB 9.5 G TS

TSECS 8 25-WIND 11/18/92 16:00 so GRAB 4.5 G TS

TSECW 6 25-AM-58 11/18/92 13:38 so RNSW 4.0 G TS

TSECS 95 TESTHOLE 12n'04,92 09:00 so BORE 119 S TF

TSECS 96 TESTHOLE 12/n4/92 11:58 so BORE 129 S TS

TSECS 97 TESTHOLE 12/04/92 10:42 SO BORE 74.0 s TS

TSECS 98 TESTHOLE 12/04/92 11:50 so BORE I04 S T

TSECS 10 25-IBA-60 12,/06/92 13:01 so BORE 9.0 s TS

TSECS 99 25-IBA-60 12/06/92 12:29 SO BORE 4.0 S TS

TSECS 181 25-18A-59 12/14/92 11:30 so BORE 4.0 s TS

TSECS 182 25-IBA-59 12/14/92 12:00 SO BORE 9.0 s TS

TSECS 103 25-IBA-65 12/14/92 12:45 so BORE 4.0 S TS

TSECS 104 S-SS-37-01 12/14/92 14:00 SO BORE 0.0 s TS

TSFCS 10q S-SS-37-01 12/14/92 14:15 SO BORE 8,5 S TS

ECS 106 S- S-37-01 12/14/92 14:30 so BORE 2.0 S TS

C 107 S-SS-37-02 12/14/92 14:50 so BORE 0.0 S TS

108 S-SS-37-02 12/14/92 15:080 so BORE 0.5 S TS

109 S-SS-37-02 12/14/92 15:15 so BORE 2.n S TS

TSECS 110 S-SS-37-03 12/14/92 14:10 so BORE 0.0 S TS

TSECS III S-SS-37-03 12114/92 16:00 so BORE 8.5 S TS

TSECS 112 q-SS-37-03 12/14/92 15:30 SO BORE 2.o S TS

TSEDW 3 S-93-92 01/05/93 16:89 GW WELL 150 B TS

TSEDW 45 S-93-92 01/05/93 GW TRIP 0.0 G TS

TSEOW 11 S-6 01/06/93 15:30 GW WELL 25.P B TS

TSEDW 47 S-6 01/06/93 GW TRIP 0.0 G TS

TSEDW 23 S-95-92 01/06/93 13:10 GW WELL 128 B TS

TSEDW 48 S-95-92 01/06/93 GW TRIP 0.0 G TS

TSEDW 17 S-97-92 01/06193 15:22 GW WELL 80.n B TS

TSEDW 50 S-97-92 01/06/93 GW TRIP l.0 G TS

TSEDW 12 S-100-92 01/07/93 10:54 GW WELL 75.0 B TS

TSEDW 41 S-I00-92 01/07/93 GW TRIP 0.0 G TS

TSEDW 20 S-182-92 01/07/93 15:06 GW WELL 41.0 B TS

TSEDW 46 S-102-92 01/07/93 GW TRIP 0.0 G TS

TSEDW 16 S-64-90 01/07/93 13:40 GW WELL 34.0 B TS

TSEDW 43 S-64-90 01/07/93 GW TRIP 0.0 G TS

TSEDW 14 S-65-90 01/07/93 16:02 GW WELL 28.0 B TS

TSEDW 49 S-65-90 1/07/93 GW TRIP 0.0 f TS

TSEDW 42 S-7 01/07/93 GW TRIP 0. ( G TS

ISEDW 9 S-7 81/n7/93 12:00 GW WELL 44.0 B TS

TSEDW 26 I-S 01/08/93 18:50 GW WELL 0.0 P TS

TSEDW 44 I-S 81/08/93 10:50 GW TRIP 0.0 G TS

TSEDW 21 S-101-92 01/09/93 14:00 OW WELL 50.0 B TS

TSEDW 65 S-101-92 V11/09/93 GW TRIP n.0 G TS.

TSEDW 28 S-18-88 01/09/93 14:06 GW WELL 37.0 B TS

TSEDW 61 S-18-88 01/09/93 GW TRIP 0.0 0 TS

TSEDW IS S-70-90 01/09/93 12:35 GW WELL 50.0 k TS

TSEDW 62 S-70-90 01/09/93 GW TRIP (.0 0 TS

TSEDW 10 S-96-92 01/09/93 18:28 GW WELL 114 B TS

TSEDW 58 S-96-92 01/09/93 GW TRIP 0.0 G TS

TSEDW 6 S-99-92 01/09/93 12:50 GW WELL 38.0 B TS

S 64 S-99-92 01/09,/93 GW TRIP 0.0 G TS

60 S-4 01/10/93 GW TRIP 0.8 G TS

8 S-4 V1/10193 15:00 GW WELL 83.0 B TS



Environmental Science & Engineering, Inc. K'03./94 PACE = 3

PROJECT NUMBER 3914008V L005 PPOJECT NAME TOCELE - EBASCO
FIELD GROUP TSEBS PROJECT MANAGER J.J. VfnNDRICK

STORET CODE: 71999 99759 72015 72005 99720

METHOD CODE: 0 0 V 9 0

PARAMETER: SAM TYPE SITE TfPE DEPTH S TECH INSTAL

UNITS: FEET SAMPLE

FLD.GRP. # SAMPLE ID DATE TIME
TSEDW 3A S-5 01/10/93 10:45 GW WELL 48.0 B TS

TSEDW 56 S-5 01/10/93 GW TRIP 0.0 G TS

TSEDW 7 S-SDUP AI/110/93 10:45 GW WELL 48.0 B TS

TSEDW 19 S-66-90 01/10/93 11:11 GW WELL 94.5 B TS

TSEDW 59 S-66-90 01/10/93 GW TRIP 0.0 G TS

TSEDW 13 S-71-90 FI/10/93 13:44 GW WELL 66.0 B TS

TSEDW 53 S-71-90 01/10/93 GW TRIP 0.0 G TS

TSECW 7 S-68-90 02/04/9'3 15:54 GW WELL 60.0 B TS

TSEDW 15 S-68-90 02/04,/93 15:54 GW WELL 60.0 B TS

TSEDW 55 S-68-90 02/04/93 GW TRIP 0.0 G TS

TSEDW 4 S-98-92 02/04/93 13:10 GW WELL 41.0 B TS

TSEDW 57 S-98-92 02/04/93 GW TRIP 0.0 G TS

TSEDW 25 S-67-90 02/05/93 11:25 GW RNSW 0.0 G TS

TSEDW 29 S-67-90 02/05/93 14:25 GW WELL 27.0 B TS

TSEDW 33 S-67-90 02/05,193 14:25 GW WELL 27.0 B TS

TSEDW 51 S-67-90 02/05/93 14:25 GW TRIP 0.0 G TS

TSEDW 63 S-67-90 02/05/93 14:25 GW RNSW 0.0 G TS

T1SEDW 27 S-67-90DUP 02/05/93 14:25 GW WELL 27.0 B TS

TSFDW I S-19-88 02/06/93 11:24 oW RNSW 0.0 G TS

TSEDW 35 S-19-88 02/06/93 10:47 GW WELL 37.0 B TS

TSEDW 54 S-19-88 02/06,'93 GW TRIP G.0 G TS

TSECS 116 25-ODC0108 02/08/93 14:15 SO COMP l. C TS

TSECS 117 25-ODC-108 02/08/93 15:47 so GRAB 4.0 G TS

TSECS 118 25-ODC-108 02/08/93 16:57 so GRAB 9.0 G TS

TSECS 115 25-ODC-119 02/08/93 11:31 SO COMP 0.1 C TS

TSECS 114 2S-0DC-92 02,418/93 10:48 so COMP 0.1 C IS

rSEDW 2 25-ODC-92 02/08/93 08:37 GW RNSW 0.0 G TS

TSECS 113 25-ODC-l10 02/09/93 11:12 so COMP 0.1 C TS

TSEDW 22 S-69-90 02/09/93 11:38 GW WELL 112 8 TS

TSEDW 52 S-69-90 02/09/93 GW TRIP 0.0 G TS

TSECS 127 25-ODC-110 02/10/93 so COMP 0. 1 C TS

TSECS 128 25-ODC-110 02/10/93 09:05 so GRAB 4.0 0 TS

TSECS 129 25-ODDC-11 02/10/93 10:17 so GRAB 9.0 G TS

TSECS 130 S-SS-37-04 02/10/93 12:42 so GRAB (0.1 TS

TSECS 131 S-SS-37-04 02/10/93 12:54 so GRAB 0.5 G TS

TSECS 132 S-SS-37-04 02/10/93 13:05 SO GRAB 2.0 G TS

TSECS 133 S-SS-37-05 02.,'1@:93 13:15 so GRAB 0.1 0 TS

TSECS 1341 S.SS-37-05 02/10/93 13:21 so GPAB 0.5 G TS

TSECS 135 S-SS-37-05 02/10/93 13:38 so GRAB 2.0 G T)

TSE3W I 1-S 03/11/93 09:50 GW WELL 0.0 P TS

TSE3W 2 I-S 04'14/93 09:11 GW WELL 0.0 P TS

TSE4S I PPE-N(OV92 08/18'93 10:25 DM DRUM 9.0 C TS

TSE4W 4 DECONDEC92 08/18/93 13:18 DM RNSW 0.0 G TS

TSr4W 3 DECONNOV.92 08/18/93 12:30 DM RNSW .0 G T S

TSF4W 2 DECONSWMII25 08/18./93 11:50 DM RNSW 0.0 0 TS
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APPENDIX E

RFI-PHASE I REPORT
SUMMARY OF PREVIOUS INVESTIGATIONS
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APPENDIX F

RFI-PHASE II ANALYTICAL DATA

* F1 Soil
F2 Groundwater
F3 Air
F4 Background Soil
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Soil Analytical Data
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APPENDIX F3

Air Analytical Data



VOLATILE ORGANIC COMPOUNDS RESULTS

A sample was taken at each of the following sites on the given date.

DATE SITES SAMPLED
8/14/92 BK,NW,NE,SW,SE,TRIP BLANK
8/18/92 BK,NW,NE,SW,SE,TRIP BLANK
8/20/92 BK,NW,NE,SW,SE.TRIP BLANK
8/22/92 BKNW,NE,SW,SE,TRIP BLANK
8/27/92 BK,NW,NESW,SE,TRIP BLANK
8/29/92 BK,NW,NE,SE
8/31/92 NW,SW,TRIP BLANK

One detection of 4-Methyl-2-pentanone (MIBK) occurred on 8/14/92 at the SE
site: 0.38 mg/m3 (milligrams per cubic meter).

No values above the detection limit were reported for the following target
analytes (detection limit given in milligrams per cubic meter):

Detection Detection
Analyte Limit Analyte Limit
Chloromethane 0.06 Bromomethane 0.06
Vinyl Chloride 0.06 Chloroethane 0.06S Methylene Chloride 0.14 Acetone 0.2
Carbon Disulfide 0.06 1.1-Dichloroethene 0.06
1,1-Dichloroethane 0.06 1,2-Dichlorothene (Total) 0.06
Chloroform 0.06 1.2-Dichloroethane 0.06
2-Butanone 0.2 1.1,1-Trichloroethane 0.06
Carbon Tetrachloride 0.06 Vinyl Acetate 0.06
Bromodichloromethane 0.06 1,2-Dichloropropane 0.06
cis-1,3-Dichloropropene 0.06 Trichloroethene 0.06
Dibromochloromethane 0.06 1,1.2-Trichloroethane 0.06
Benzene 0.06 trans-1,3-Dichloropropene 0.06
Bromoform 0.06 2-Hexanone 0.2
Tetrachloroethene 0.2 Toluene 0.06
1,1,2,2-Tetrachloroethane 0.06 Chlorobenzene 0.06
Ethylbenzene 0.06 Styrene 0.06'
Xylenes (Total) 0.06 1,2-Dibromethane 0.06
Benzyl Chloride 0.06 1,2-Dichlorobenzene 0.06
1,2-Dichlorobenzene 0.06 1,4-Dichlorobenzene 0.06
1,2,4-Trichlorobenzene 0.2



SEMIVOLATILE ORGANIC COMPOUND RESULTS (cont.)

Di-n-butylphthalate was detected in the following samples and blanks. The
presence of like quantities of this compound in both the field blanks and
the sampled tubes indicates the likely presence of a contamination source.

Di-n-butylphthalate
DATE SITEID (u() (uq/m3)

8/14/92 BK 12 31.50
8/18/92 BK 110 214.00
8/18/92 NE 22 42.47
8/18/92 NW 27 56.60
8/18/92 SE 26 53.17
8/18/92 SW 25 47.80
8/20/92 BK 23 45.10
8/20/92 NE 17 33.20
8/20/92 NW 21 38.75
8/20/92 SE 20 41.41
8/20/92 SW 19 37.70
8/22/92 BK 49 91.76
8/22/92 NE 33 61.11
8/22/92 NW 45 85.39
8/22/92 SE 51 97.51
8/22/92 SW 40 75.05

8/14/92 Field Blank 41
8/18/92 Field Blank 32
8/20/92 Field Blank 23



TSP. METALS and ARSENIC RESULTS

TOTAL SUSPENDED PARTICULATES (ug/m3)

SITEID: BK NE NW SE SW

AVERAGE 160 176 186 178 153

MAXIMUM 257 317 307. 278 243

MINIMUM 105 109 172 91 100 0 /

DATE OF 8/20/92 8/20/92 8/20/92 8/20/92 8/20/92
MAXIMUM

ALUMINUM (ug/m3)

SITEID: BK NE NW SE SW

AVERAGE 2.24 2.50 2.62 2.33 2.29

MAXIMUM 2.96 3.07 3.07 2.86 2.73

MINIMUM BDL BDL BDL BDL BDL

DATE OF 8/31/92 8/20/92 8/14/92 8/22/92 8/22/92
MAXIMUM

SODIUM (ug/m3)

SITEID: BK NE NW SE SW

AVERAGE 23.5 19.46 22.41 21.76 20.49

MAXIMUM 32.92 24.75 30.57 32.17 26.33

MINIMUM 19.70 14.69 18.72 16.22 17.43 .- I

DATE OF 8/14/92 8/20/92 8/20/92 8/20/92 8/20/92
MAXIMUM

NOTES: 1) NO VALUES ABOVE THE DETECTION LIMIT WERE REPORTED
FOR THE FOLLOWING ANALYTES:

Detection Limit (ua)
BARIUM 4
CHROMIUM 4
LEAD i.2
MAGNESIUM 80
NICKEL 8

*ZINC 8

2) ONE DETECTION OF ARSENIC OCCURRED ON 8/14/92
@ THE SW SITE: 1.16 LIg/m3.



TABLE 1

TARGET ANALYTES - VOCS

(detection limit: milligrams/cubic meter)

Detection Detection
Analyte Limit Analyte Limit
Chloromethane 0.06 Bromomethane 0.06
Vinyl Chloride 0.06 Chloroethane 0.06
Methylene Chloride 0.14 Acetone 0.2
Carbon Disulfide 0.06 l,l-Dichloroethene 0.06
1,l-Dichloroethane 0.06 1,2-Dichlorothene (Total) 0.06
Chloroform 0.06 1,2-Dichloroethane 0.06
2-Butanone 0.2 l,1,1-Trichloroethane 0.06
Carbon Tetrachloride 0.06 Vinyl Acetate 0.06
Bromodichloromethane 0.06 1,2-Dichloropropane 0.06
cis-l,3-Dichloropropene 0.06 Trichloroethene 0.06
Dibromochloromethane 0.06 1,1,2-Trichloroethane 0.06
Benzene 0.06 trans-i,3-Dichloropropene 0.06
Bromoform 0.06 2-Hexanone 0.2
Tetrachloroethene 0.2 Toluene 0.06
1,1,2,2-Tetrachloroethane 0.06 Chlorobenzene 0.06
Ethylbenzene 0.06 Styrene 0.06
Xylenes (Total) 0.06 1,2-Dibroinoethane 0.06
Benzyl Chloride 0.06 1,2-Dichlorobenzene 0.06
1,2-Dichlorobenzene 0.06 1,4-Dichlorobenzene 0.06
1,2,4-Trichlorobenzene 0.2 4-Methyl-2-pentanone 0.2



SEMIVOLATILE ORGANIC COMPOUNDS RESULTS

A sample was taken at each of the following sites on the given date.

DATE SITES SAMPLED
8/10/92 BK,.TRIP BLANK..FIELD BLANK
8/14/92 BK,NW,NE,SW,SE..FIELD BLANK

6/18/92 BK,NW,NEj.SW,SEFIELD BLANK
8/20/92 BK,NW,NE,SW,SE,FIELD BLANK
8/22/92 BK,NW,NE,SW,SE,FIELD BLANK
8/29/92 BK,NW,NE,SW,SE,FIELD BLANK
6/31/92 BKqNW,NE,SW,SEFIELD BLANK
9/02/92 BK,TRIP BLANK,FIELD BLANK

No values above the detection limit were reported for the following target

analytes (detection limit given in micrograms):

Detection Detection
* Analyte Limit Analyte Limit

Phenol. 10 bis(2-Chloroethyl)ether 10

2-Chlorophenol .10 Benzyl alcohol 10

2-Methylphenol 10 4-Methylo~henol 10

Hexachloroethane 10 Nitrobenzene 10

Isophorone 10 2-Nitrophenol 10

2,4-Dimethylphenol 10 Benzoic Acid 50. Bis(2-Chloroethoxylmethane 10 2,4-Dichlorophenol 10
Naphthalene .10 4-Chloroaniline 10

Hexachlorobutadiene '10 4-Chloro-3-methylphenol 10

2-Methy lnaphthalene 10 Hexachlorocyclooentadiene 10

2,4,6-Trichlorophenol 10 2,4,5-Trichlorophenol 50
2-Chloronaphthalene 10 2-Nitroaniline 10

Dimethylphthalate 10 Acenaphthylene 10
2.6-Dinitrotoluene .10 3-Nitr-oaniline 10
Acenaphthene *10 2,4-Dinitrophenol 50
4-Nitrophenol 50 Dibenzofuran 10

2,4-Dinitrotoluiene 10 Diethylphthalate 10
4-Chlorophenyl--phenyl ether 10 Fluor-ene 10
4-Nitroaniline 10 4,6-Dinitro-2-methylohenol 50

4-Bromophenyl-phenyl ether 10 Hexachlorobenzene 10
Pentachlorophenol 50 Phenanthrene 10

Anthracene -10 Fluroanthene 10

Py rene 10 Butylbenzylphthalate 10

3,3'-Dichlorobenzidine 50 Benzo(a)anthracene 10

Chrysene 10 bis(2-Ethylhexyl)phthalate 10
Di-n-octylphthalate .10 Benzo(b)fluoranthene 10
Benzo(k)fluloranthen 10 Benzo(a)pyrene 10

Indeno( 1 2,3-cd )pyrene 10 Dibenzo(a.h)anthracene 10

Benzo(g,h,i)perylene 10 Aroclor--1016 1

Aroclor-1221 1 Aroclor-1232 I
Aroclor--1242 I Aroclor-1248 1

Aroclor-1254 I Aroclor--1260 I



TOTAL SUSPENDED PARTICULATES, ARSENIC AND METALS RESULTS
lug/la, BDL denotes below detection limit)

DATE SITEID TSP ALUMINUM ARSENIC BARIUM CHROMIUM LEAD MAGNESIUM NICKEL SODIUM ZINC
08/14192 BK BDL BDL BDL BDL BDL BDL BDL 32.92 BDL
08/14192 NW 3.07 BDL BDL BDL BDL BDL BDL 26.25 BDL
08114/92 SE BDL DDL BDL BDL BDL BDL BDL 23.75 BDL
08/14/92 SW BDL 1.16 BDL BDL BDL BDL BDL 25.29 BDL
08/14/92 NE BDL BDL BDL BDL BDL BDL BDL 23.66 iDL
08/18/92 BK 133 BDL BDL BDL BDL BDL BDL BDL 22.84 BDL
08/18/92 NW 138 BDLL BDL DDL BDL 8DL BDL BDL 19.23 BDL
08/1B/92 NE 130 BDL BDL BDL BDL BDL BDL BDL 14.69 BDL
08/18/92 SW 153 BDL BDL BDL BDL BiL BiL BDL 17.43 BDL
08/16/92 SE 147 BDL BDL BDL BDL BDL BDL DDL 21.66 BDL
08/20/92 BK . 257 BDL BDL BDL BDL BDL BDL BDL 22.61 DDL
08/20/92 NW * 307 2.36 BDL BDL BDL BDL DDL BDL 30.57 DDL
08/20/92 NE 4 317 3.07 BDL BDL BDL BiL BDL BDL 24.75 BDL
08/20/92 SE* 278 2.16 BDL BDL BDL BDL BDL BDL 32.17 BDL
08/20/92 SW e 243 BiL BDL BDL BDL BDL DiL BDL 26.33 BiL
08/22/92 NW 145 2.21 BDL BDL BDL BDL DiL BDL 18.87 BDL
08/22/92 NE 214 3.02 BiL BlL BDL BDL BDL RDL 15.88 DDL
08/22/92 SE IB2 2.B6 BDL BDL BDL BDL BDL BDL 18.84 DDL
08/22/92 SW 156 2.73 BDL BDL BDL BDL BDL BDL 17.46 BDL
08/27/92 BK 105 BDL BSL BDL BDL BDL BiL BiL 22.53 BDL
08/27192 NW 153
08/27/92 NE 142
08/27/92 SW 126
06/29/92 BK 132 2.28 BDL BDL 8DL BiL BiL BDL 19.70 DDL
08/29/92 NW 172 2.89 DDL BDL BDL BDL BDL BDL 20.83 BDL
08/29/92 NE 109 2.21 BDL BDL BDL BDL BDL BiL 18.29 BDL
08/29/92 SE 143 2.17 BDL BDL BDL BDL BDL BDL 17.92 BDLL
08/29/92 SW 100 BDL BDL BDL BDL BDL BDL BDL 18.93 BDLL
08/31/92 BK 174 2.96 BDL BiL BDL BDL BDL BDL 20.4 BDL
08/31/92 NW 202 2.94 BDL BDL BDL BDL BDL BDL 18.72 BDL
08/31/92 NE 181 2.29 BDL BDL BDL BDL BDL BDL 19.5 BDL
08/31/92 SE 224 2.40 BDL BDL BDL BDL BDL BDL 16.22 BDL
08/31/92 SW 141 BDL BDL BDL BDL BDL BDL BDL 17.49 BDL
09/02/92 NE 142
09/02/92 SE 91

FIELD AND TRIP BLANK DATA
(TSP - reported iav s, all other analytes - micrograms)

DATE SITEID TSP ALUMINUM ARSENIC BARIUM CHROMIUM LEAD MAGNESIUM NICKEL SODIUM ZINC
08/14/92 FBLK BDL BDL BDL BDL BDL BDL BDL 213 BiL
08/18/92 FBLK 1200 BDL BDL BDL BDL EDL BDL BiL 204 BDL
08/20/92 FELK 1000 BiL BDL BDL BDL BDL BDL BDL 213 BDL
08/22/92 FBLK 1400 BDL BDL BDL BDL BDL BDL BDL 183 BDL
08/27/92 FBLK 1200
08/29/92 TRIP BDL BDL BDL BDL BDL BDL BDL 179 BDL
08/31/92 TRIP BDL BDL BDL BDL BiDL BDL BDL 181 BDL
09/02/92 FBLK 300 BDL BDL BiL BDL BDL BDL BDL 216 BDL
09/02/92 TRIP BDL BDL BDL BDL BDL BDL BDL 177 BDL



TABLE 2

TARGET ANALYTES - SVOCS

(detection limit: micrograms)

Detection Detection
AayeLimit Analyte Limit

Phenol 10 bis(2-Chloroethyl)ether 10
2-Chiorophenol 10 Benzyl alcohol 10
2-Methylphenol 10 4-Methylphenol 10
Hexachloroethane 10 Nitrobenzene 10
Isophorone, 10 2-Nitrophenol 10
2,4-Dimethyiphenol 10 Benzoic Acid 50
Bis (2-Chloroethoxy)methane 10 2, 4-Dichiorophenol 10
Naphthalene 10 4-Chioroaniline 10
Hexachiorobutadiene 10 4-Chloro-3-methylphenol 10
2-Methylnaphthalene 10 .Hexachlorocyclopentadiene 10
2,4, 6-Trichiorophenol 10 2,4, 5-Trichiorophenol 50
2-Chloronaphthalene 10 2-Nitroaniline 10
Dimethylphthalate 10 Acenaphthylene 10
2,6-Dinitrotoluene 10 3-Nitroaniline 10
Acenaphthene 10 2,4-Dinitrophenol 50
4-Nitrophenol 50 Dibenzofuran 10.2,4-Dinitrotoluene 10 Diethylphthalate 10
4-Chlorophenyl-phenyl ether 10 Fluorene 10
4-Nitroaniline 10 4,6-Dinitro-2-methylphenol 50
4-Bromophenyl-phenyl ether 10 Hexachlorobenzene 10
Pentachiorophenol 50 Phenanthrene 10
Anthracene 10 Fluroanthene 10
Pyrene 10 Butylbenzylphthalate 10
3,3'-Dichlorobenzidine 50 Benzo(a)anthracene 10
Chrysene 10 bi's(2-Ethylhexyl)phthalate 10
Di-n-octylphthalate 10 Benzo(b)fluoranthene 10
Benzo(k)fluoranthen 10 Benzo(a)pyrene 10
Indeno(1,2,3-cd)pyrene 10 Dibenzo(a,h)anthracene 10
Benzo(g,h,i)perylene 10 Aroclor-1016 1
Aroclor-1221 .1 Aroclor-1232 1
Aroclor-1242 1 Aroclor-1248 1
Aroclor-1254 I Aroclor-1260 1



TABLE 3

TARGET ANALYTES - METALS

(detection limit: micrograms)

Aluminum 24
Arsenic 2
Barium 4
Chromium 4
Lead 1.2
Magnesium 80
Nickel 8
Sodium 80
Zinc 8
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TABLE 5

SEMIVOLATILE ORGANIC COMPOUNDS RESULTS

Di-n-butylphthalate
DATE SITEID u• (uq/13)

8/14/92 BK 12 31.50
8/18/92 BK 110 214.00
8/18/92 NE 22 42.47
8/18/92 NW 27 56.60
8/18/92 SE 26 53.17
8/18/92 SW 25 47.80
8/20/92 BK 23 45.10
8/20/92 NE 17 33.20
8/20/92 NW 21 38.75
8/20/92 SE 20 41.41
8/20/92 SW 19 37.70
8/22/92 BK 49 91.76
8/22/92 NE 33 61.11
8/22/92 NW 45 85.39
8/22/92 SE 51 97.51
8/22/92 SW 40 75.05

8/14/92 Field Blank 41 n/a
8/18/92 Field Blank 32 n/a
8/20/92 Field Blank 23 n/a

Notes: ug = micrograms
ug/m3 - micrograms per cubic meter

No values above the detection limit were
reported for any other target SVOC analyte.



TABLE 6

ARSENIC AND METALS RESULTS

(ug/m3, BDL denotes below detection limit)

DATE SITEID FILTER ALUMINUM ARSENIC BARIUM CHROMIUM LEAD MAGNESIUM NICKEL SODIUM** ZINC

08/14/92 BK 46726 BDL BDL BDL BDL BOL BDL BDL BOL BDL

08/14/92 NW 46724 3.07 BDL BOL BDL 0.05* 2.47* BDL BDL BOL

08/14/92 SE 46723 1.95* BOL BDL BOL BDL 1.51* BOL BDL BDL

08/14/92 SW 46722 1.46* 1.16 BDL BDL 0.05* BDL BDL BOL BDL

08/14/92 NE 46725 1.98* BOL BDL BOL 0.06* BDL BDL BDL BDL

08/18/92 BK 46734 1.39* BDL BDL BDL BDL BOL BOL BDL 0.21*

08/18/92 NW 46735 BOL BDL BDL BDL BOL BDL BDL BOL 0.09*

08/18/92 NE 46736 BDL BDL BDL BDL BOL BDL BOL BOL BDL

08/18/92 SW 46737 1.34* BDL BDL BDL 0.04* 1.25* BOL BDL BDL

08/18/92 SE 46738 BDL BDL BDL BDL 0.04* BDL BDL BOL BOL

08/20/92 BK 46740 1.25* BDL BOL BDL BOL 2.10* BOL BDL BOL

08/20/92 NW 46741 2.36 BDL 0.04* BDL 0.06* 3.88* BOL 11.36 0.56*

08/20/92 NE 46742 3.07 BDL BDL BOL BDL 3.70* BDL 8.68 BDL

08/20/92 SE 46743 2.16 BDL BDL BDL BDL 3.02* BOL 13.08 BOL

08/20/92 SW 46744 1.71* BDL BDL BDL BDL 2.45* BDL BDL BOL

08/22/92 NW 46747 2.21 BDL BDL BDL BDL 2.59* BDL BOL BOL

08/22/92 NE 46748 3.02 BDL BDL BOL 0.05* 3.04* BDL BDL BOL

08/22/92 SE 46749 2.86 BDL BDL BDL 0.03* 3.62* BOL BDL BOL

08/22/92 SW 46750 2.73 BDL BDL BDL BOL 2.23* BOL BDL 0.10*

08/27/92 BK 46752 2.20* BDL 0.87* 0.24* BDL 2.28* BDL BDL 0.09*

08/29/92 BK 46758 2.28 BOL 0.07* 0.18* BDL 2.07* BDL BDL 0.09*

08/29/92 NW 46759 2.89 BDL 0.10* BDL 0.05* 2.99* BDL BDL 0.12

'8/29/92 NE 46760 2.21 BDL 0.04* BDL 0.06* 2.45* BOL BDL 0.12*

3/29/92 SE 46762 2.17 0.04* 0.04* BOL BOL 2.58* BOL BDL 0.07*

08/29/92 SW 46761 1.21* BDL BDL BDL 1.24* BDL BOL BDL 0.23*

08/31/92 BK 46764 2.96 0.05* BDL BDL BOL 2.61* BDL BDL 0.08*

08/31/92 NW 46765 2.94 BDL 0.04* BDL BOL 3.39* BDL BDL BDL

08/31/92 NE 46766 2.29 BDL BDL BDL BOL 2.21* BDL BDL BDL

08/31/92 SE 46767 2.40 BOL 0.05* BDL BDL 3.88* BDL BDL 0.09*

08/31/92 SW 46768 1.99* BDL BDL BOL BOL 2.14* BDL BDL BOL

FIELD AND TRIP BLANK DATA

(micrograms, BDL denotes below detection limit)

DATE SITEID FILTER ALUMINUM ARSENIC BARIUM CHROMIUM LEAD MAGNESIUM NICKEL SODIUM ZINC

08/14/92 FBLK 46727 SOL BDL BDL BDL BOL BDL BDL 213 BDL

08/18/92 FBLK 46739 BDL BOL BDL BDL 0.40* BDL BOL 204 BDL

08/20/92 FBLK 46745 BDL BOL BDL BDL BDL BDL BDL 213 BOL

08/22/92 FBLK 46751 19.9* BDL BDL BDL BDL 16.0* BDL 183 4.2*

08/27/92 FBLK 46757

08/29/92 TRIP 46622 BDL BOL BOL BDL BDL BDL BDL 179 BDL

08/31/92 TRIP 46648 BDL BDL BDL BDL BDL BDL BDL 181 BDL

09/02/92 FBLK 46691 BDL BDL BDL BDL .BDL BOL BDL 216 BDL

09/02/92 TRIP 46631 BDL BDL BDL BDL BDL BOL BDL 177 BDL

* denotes value obtained from analysis fails below certified reporting limit

* Sodium concentrations shown here are blank corrected
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APPENDIX F4

0 Background Soil Analytical Data
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Appendix G Plant and Wildlife Species List Page 1 of 4

Species Common Name Acronym
REPTILES
Gambelia wislizenii Leopard Lizard GAWI
Sceloporus graciosus Sagebrush Lizard SCGR
Uta stansburiana Side-blotched Lizard UTST
Phrynosoma platyrhinos Desert Homed Lizard PHPL
Pituophis melanoloucus Great Basin Gopher Snake PIME
Crotalus viridis Great Basin Rattlesnake CRVI
Masticophus taeniatus Western Striped Racer MATA

MAMMALS
Antrozous pallidus Pallid Bat ANPA
Eptesicus fuscus Big Brown Bat EPFU
Euderma maculatum Spotted Bat EUMA
Lasionycteris noctivagans Silver-haired Bat LANO
Myotis evotis Long-eared Myotis MYEV
Myotis lucifugus Little Brown Myotis MYLU
Myotis subulatus Small-footed Myotis MYSU
Myotis volans Long-legged Myotis MYVO
Nycteris cinereus Hoary Bat NYCI
Plecotus townsendii Townsend's Big-eared Bat PLTO
Tadarida brasiliensis Brazilian Free-tailed Bat TABR
Lepus californicus Black-tailed Jackrabbit LECA

Sylvilagus auduboni Desert Cottontail SYAU
Sylvilagus nuttalli Mountain Cottontail SYNU
Ammospermophilus leucurus Antelope Ground Squirrel AMLE
Dipodomys microps Chisel-toothed Kangaroo Ra DIMI
Dipodomys ordii Ord's Kangaroo Rat DIOR
Erethizon dorsatum Porcupine ERDO
Eutamias dorsalis Cliff Chipmunk EUDO
Eutamias minimus Least Chipmunk EUMI
Eutamias umbrinus Uinta Chipmunk EUUM
Lagurus curtatus Sagebrush Vole LACU
Marmota flaviventris Yellow-Bellied Marmot MAFL
Microdipodops megacephalus Dark Kangaroo Mouse MIME
Microtus longicaudus Long-tailed Vole MILO
Microtus montanus Mountain Vole MIMO
Microtus pennsylvanicus Meadow Vole MIPE
Mus musculus House Mouse MUMU
Neotoma cinerea Bushy-tailed Wood Rat NECI
Neotoma lepida Desert Wood Rat NELE
Onychomys leucogaster Northern Grasshopper Mouse ONLE
Perognathus longimembris Little Pocket Mouse PELO
Perognathus parvus Great-Basin Pocket Mouse PEPA
Peromyscus crinitus Canyon Mouse PECR
Peromyscus maniculatus Deer Mouse PEMA
Peromyscus truei Pinyon Mouse PETR
Rattus norvegicus Norway Rat RANO
Reithrodontomys megalotis Western Harvest Mouse REME
Sorex merriami Merrim's Shrew SOME

SPECIES.XLS/tr/clb/3/10/94



Appendix G Plant and Wildlife Species List Page 2 of 4

Species Common Name Acronym
Sorex palustris Water Shrew SOPA
Sorex vagrans Vagrant Shrew SOVA
Spermophilus lateralis Golden-Mantled Ground Squi SPLA
Spermophilus townsendii Townsend's Ground Squirrel SPTO
Spermophilus variegatus Rock Squirrel SPVA
Thomomys talpoides Northern Pocket Gopher THTA
Thomomys umbrinus Pygmy Pocket Gopher THUM
UNKNOWN UNKNOWN RODENT UNRO
Zapus princeps Western Jumping Mouse ZAPR
Antilocapra americana Pronghorn Antelope ANAM
Cervus elephas Elk CEEL
Odocoileus hemionus Mule Deer ODHE
Bassariscus astutus Ring-Tail BAAS
Canis latrans Coyote CALA
Felis concolor Mountain Lion FECO
Felis rufus Bobcat FERU
Mephitis mephitis Stripped Skunk MEME
Mustela erminea Ermine MUER
Mustela frenata Long tail Weasel MUFR
Procyon lotor Raccoon PRLO
Spilogale putorius Spotted Skunk SPPU
Taxidea taxus Badger TATA
Urocyon cinereoargenteus Gray Fox URCI
Vulpes macrotis Kit Fox VUMA
Vulpes vulpes Red Fox VUVU

BIRDS
Aechmophorus occidentalis Western Grebe AEOC
Recurvirostra americana American Avocet REAM
Pelecanus erythrorhynchos American White Pelican PEER
Charadrius alexandrinus Snowy Plover CHAL
Fulica americana American Coot FUAM
Branta canadensis Canada Goose BRCA
Phalacrocorax auritus Double Breasted Cormorant PHAU
Anas strepera Gadwald ANST
Anas crecca Green-winged Teal ANCR
Charadrius vociferous Kildeer CHVO
Numenius americanus Long-billed Curlew NUAM
Anas platyrhynchos Mallard ANPL
Cathartes aura Turkey Vulture CAAU
Aquila chrysaetos Golden Eagle AQCH
Haliaeetus leucocephalus Bald Eagle HALE
Circus cyaneus Northern Harrier CICY
Accipiter striatus Sharp-shinned Hawk ACST
Accipiter cooperii Cooper's Hawk ACCO
Buteo swainsoni Swainson's Hawk BUSW
Buteo jamaicensis Red-tailed Hawk BUJA
Buteo regalis Ferruginous Hawk BURE
Buteo lagopus Rough-legged Hawk BULA
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Appendix G Plant and Wildlife Species List Page 3 of 4

*Species CommonName Acronym
Falco sparverius American Kestrel FASP
Falco columbarius Merlin FACO
Falco mexicanus Prairie Falcon FAME
Falco peregrinus Peregrine Falcon FAPE
Phasianus colchicus Ring-necked Pheasant PHCO
Alectoris chukar Chukar ALCH
Zenaida macroura Mourning Dove ZEMA
Centrocercus urophasianus Sage Grouse CEUR
Columba livia Rock Dove COLI
Bubo virginianus Great Horned Owl BUVI
Asio otus Long-eared Owl ASOT
Asio flammeus Short-eared Owl ASFL
Athene cunicularia Burrowing Owl ATCU
Selasphorus platycercus Broad-tailed Hummingbird SEPL
Selasphorus rufus Rufus Hummingbird SERU
Colaptes auratus Northern Flicker COAU
Myiarchus cinerascens Ash-throated Flycatcher MYCI
Riparia riparia Bank Swallow RIRI
Hirundo rustica Barn Swallow HIRU
Tachicineta thalassina Violet-green Swallow TATH
Petrochelidon pyrrhonota Cliff Swallow PEPY
Chlordeiles minor Common Nighthawk CHMI
Sayornis saya Say's Phoebe SASA
Tyrannus verticalis Western Kingbird TYVE
Eremophila alpestris Homed Lark ERAL
Gymnorhinus cyanocephalus Pinyon Jay GYCY
Aphelocoma coerulescens Scrub Jay APCO
Pica pica Black-billed Magpie PIPI
Corvus corax Common Raven COCO
Troglodytes aedon House Wren TRAE
Sialia currucoides Mountain Bluebird SICU
Myadestes townsendi Townsend's Solitaire MYTO
Turdus migratorius American Robin TUMI
Regulus satrapa Golden-crowned Kinglet RESA
Lanius ludovicianus Loggerhead Shrike LALU
Lanius excubitor Northern Shrike LAEX
Mimus pobyglottos Northern Mockingbird MIPO
Oreoscoptes montanus Sage Thrasher ORMO
Bombycilla garrulus Bohemian Waxwing BOGA
Bombycilla cedrorum Cedar Waxwing BOCE
Sturnus vulgaris European Starling STVU
Vireo sobitarius Solitary Vireo VISO
Vermivora celata Orange-crowned Warbler VECE
Dendroica petechia Yellow Warbler DEPE
Dendroica coronata Yellow-rumped Warbler DECO
Hesperiphona verspertina Evening Grosbeak HEVE
Pipilo chlorurus Green-tailed Towhee PICH
Spizella breweri Brewer's Sparrow SPBR
Spizella passerina Chipping Sparrow SPPA
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Species Common Name Acronym
Ammodramus savannarurn Grasshopper Sparrow AMSA
Chondestes grammacus Lark Sparrow CHGR
Melospiza lincolnii Lincoln's Sparrow MELI
Passerculuc sandwichensis Savannah Sparrow PASA
Junco hyemalis Dark-eyed Junco JUHY
Pooecetes gramineus Vesper Sparrow POGR
Zonotrichia leucophrys White-crowned Sparrow ZOLE
Stumella neglecta Western Meadowlark STNE
Euphagus cyanocephalus Brewer's Blackbird EUCY
Molothrus ater Brown-headed Cowbird MOAT
Agelaius phoeniceus Red-winged Blackbird AGPH
Icterus glabula Northern Oriole ICGL
Piranga ludoviciana Western Tanager PILU
Passer domesticus House Sparrow PADO
Spinus tristis American Goldfinch SPTR
Carpodacus cassinii Cassin's Finch CACA
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Appendix G (continued) Page 1 of 4

* Plant Species Identified at Tooele Army Depot-South Area

Cupressaceae Cypress Family
Sabina osteosperma (Torrey) Antoine Utah Juniper

Pinaceae Pine Family
Pinus monophylla Torrey Single Needled Pinyon Pine

Ephedraceae Ephedraceae

Ephedra viridis Coville Mormon Tea

Ranunculaceae Buttercup Family
Clematis virginiana L. Virgin's Bower
Ranunculus testiculatus Crantz. Small Buttercup

Ulmaceae Elm Family
Ulmus pumila L. Chinese Elm

Cactaceae Cactus Family
Opuntia sp. Prickly Pear

Chenopodaceae Goosefoot Family
Allenrolfera occidentalis L. Iodine Bush
Atriplex confertifolia (Torrey & Fremont) Watson Shad-scale
Atriplex gardneri (Moquin) Stanley Shad-scale
Atriplex rosea L. Shad-scale, Saltbrush
Ceratoides lanata (Pursh) Howell Winter Fat
[=Eurotia lanata]

Kochia americana Watson
Kochia scoparia Bournmueller
Salsola iberica Sennen & Pau.
Sarcobatus vermiculatus (Hooker) Torrey Greasewood

Polygonaceae Buckwheat Family
Eriogonum ovalifolium var. nevadensis Gandoger Wild Buckwheat
Eriogonum umbellatum Torrey Sulfur-flower
Rumex crispus L. Curly Dock

Malvaceae Mallow Family
Sphaeralcea coccinea ssp. dissecta (Nuttall) Kearney Copper Mallow

Tamaricaceae Tamarix Family
Tamarix pentandra L. Tamarisk

Loasaceae Stickleaf Family
Acrolasia albicaulis (Douglas) Rydberg
[=Mentzelia albicaulis Dougl.]

0
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Appendix G (continued) Page 2of 4

Plant Species Identified at Tooele Army Depot-South Area

Brassicaceae Mustard Family
Capsella bursa-pastoris (L.) Medikus Shepard's Purse
Cardaria draba (L.) Desv. Whitetop
Chorispora tenella (Pallas) de Candolle Purple Mustard
Conringia orientalis (L.) Dumortier Hare's Ear
Descurainiapinnata (Walter) Britton Tansy Mustard
Erysimum aperum (Nuttall) de Candolle Wallflower
Hutchinsiaprocumbens (L.) Desv.
Lepidium densiflorum Schrader Peppergrass
Lepidium montanum Nuttall Peppergrass
Lepidium perfoliatum L. Clasping Pepper-Grass
Lesquerella occidentalis
Sisymbrium altissimum L. Tumbling Mustard
Stanleya pinnata (Pursch) Britton Prince's Plume
Thelypodiopsis vermicularis
Thelypodium saquilatum

Rosaceae Rose Family
Prunus virginiana var. melanocarpa (A. Nels) Sarg.-Gates Choke-Cherry
[=Padus virginiana]

Purshia tridentata (Pursh) de Candolle Bitterbrush
Purshia mexicana var. stansburyaner Bitterbrush

Fabaceae Bean Family
Astragulus bekwith
Astragulus calvcosus
Astragudus converlonius
Lathyrus brachycalyx
Lupinus caudatus Kellogg
Melilotus alba Desrousseaux Sweet Clover
Robina pseudo-acacia L. Black Locust

Elaeaganaceae Oleaster Family
Shepherdia argentea (Persh) Nutt. Buffaloberry

Onagraceae Evening Primrose Family
Cenothera caespitosa Nuttall Evening-Primrose
Oenothera biennis L. Common Evening Primrose

Geraniaceae Geranium Family
Erodium cicutarium (L.) L'Heritier Crane's Bill, Filaree

Con volvulaceae Morning Glory Family
Convolvulus arvensis L. Creeping-Jenny
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Appendix G (continued) Page 3of 4. Plant Species Identified at Tooele Army Depot-South Area

Polemoniaceae Ploemonium Family
Gilia aggregata (Pursh.) Spreng. Gilia
Gilia leptromenia A. Gray Gilia
Phlox hoodii ssp. canescens (Rich), (Torrey & Gray) Wherry Hood's Phlox
Phlox long jfolia Nuttall Long-leaved Phlox

Boragimaceae Borage Family
Cynoglossum officinale L. Hound's Tongue
Crjptantha humulis
Heliotropium curassavicum L. Salt Heliotrope

Verbeneaceae Vervain Family
Verbena bracteata Lagasca & Rodriguez Vervain

Lamiaceae Mint Family
Marrubium vudgare L. Horehound
Nepeta cataria L. Catniip

Scrophulariaceae Figwort Family
Verbascum thapsus L. Mullein

Dipsacaceae Teasel Family
Dipsacusfullonum L Teasel

Asteraceae Sunflower Family
Artemesia pygmeae Pigmy Sagebrush
Artemisia spinescens D.C. Eton Spiny Sage
Artemisia trident ata Artemnisia tridentata Nuttall Big Sagebrush
Chaenactis sweioides Chaenactis stevioides Hooker & Arno Pincushion
Chrysothamnus nauseosus (Pallas) Britton Rabbitbrush
Cirsium vulgare Cirsium, vulgare (Savi) Tenore Bull Thistle
Crepis occidentalis Crepis occidentalis Nuttall American Hawksbeard
Erigeron engelmannii Erigeron engelmannii Nelson Daisy
Erigeronflagellaris Erigeron flagellaris Gray Daisy
Grindelia squarrosa var. serrulata (Pursh), (Dun.) Rydb. Gumnweed
Gitierrezia sarothrae (Pursh) Britt. & Rusby Snakeweed
Haplopappus acaulis (Nutt.) Gray Stemless Goldenweed
Helianthus annuus Helianthus annuus L. Common Sunflower
Lactuca serriola Lactuca serriola L. Prickly Lettuce
Psilochenia occidental is. Nuttall
Senecio multicapitattis Greenman Butterweed
Stenotus acaulis Nuttall
TetrTetradymia canescens D.C. Horsebrush
Tetradymia glabrata
Tetradymia spinosa Hooker & Amnott Cottonthorn
Tragopogon dubius ssp. major (Scopoli),. (Jacquin) Vollmann Oyster-plant
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Plant Species Identified at Tooele Army Depot-South Area

Juncaceae Rush Family
Juncus balticus ssp. vallicola (Willd.) Rydb. Baltic Rush
[=Agropyron desertorum]

Poaceae Grass Family
Agropyron cristatum (L.) Gaertn. Crested Wheatgrass
.Bromus lectorum L. Cheatgrass
Distichlis spicata (L.) Greene Saltgrass
Elymus elymoides (Rafmnesque) Swezey Wild Rye
Elymus spicatus
Oryzopsis hymenoides (R. & S.) Ricker Indian Ricegrass
Poa bulbosa L. Bulbous Bluegrass
Poa compressa L. Canada Bluegrass
Poafendleriana (Steudel) Vasey Muttongrass
Poa secunda Presl. Bluegrass
Stipa hymenoides

Liliaceae Lily Family
A Ilium nevadense Watson Onion
Calochortus nuttaliji Torrey & Gray Mariposa
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This appendix presents profiles of the toxicity of cadmium, chromium, lead, mercury, nickel,

silver, vanadium, zinc and cyanide to plants and terrestrial vertebrate animals. These are the

contaminants of concern (COCs) selected for biota from the chemicals that occur in SWMUs 1

and 25 at Tooele Army Depot-South. The profiles are adapted from DOE (1992).
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. 1.0 CADMIUM

Cadmium (Cd) has been known as an element since 1817 and used extensively in industry since

the 1930s. It is primary used for electroplating or galvanizing, as a color pigment for paints and

plastics, and as a cathode material. It is also a byproduct of zinc and lead mining and

manufacturing.

The significance of acclimatization to ambient metal concentrations is well illustrated by Cd.

While many species may occur in areas where naturally occurring Cd concentrations fall within

the range of acute toxicity values derived from laboratory toxicity testing (Eisler 1985), sublethal

effects of Cd on individual organisms, populations, and communities are also documented.

Heavy metal ratios in native fauna are inconsistent with those of indigenous soil and vegetation,

reflecting differences in relative mobilities. For both carnivores and herbivores, Cd is

accumulated at rates greater than lead and zinc (Roberts and Johnson 1978) and therefore appears

to bioconcentrate.

1.1 TERRESTRIAL VEGETATION

Cd is thought to be one of the most toxic elements for plants. Taylor et al. (1991) introduced

wheat to various levels of Cd in soil media and determined the threshold to be 0.02 micromole

(gM), which translates to a 152 percent growth reduction per jiM. Cd was found to be more

toxic to wheat than aluminum, copper, manganese, nickel, and zinc.

Adema and Henzen (1989) determined EC50 values (the concentration at which the weight of the

plants is half that of the control plants) and no observed effect concentration (NOEC) values of

Cd for growth of lettuce, oats, and tomatoes in loamy soil. EC50 values for lettuce, oats, and

tomatoes were 33, 159, and 171 milligrams per kilogram (mg/kg), respectively. NOEC values

for these plants were 3.2, 10, and 32 mg/kg, respectively; the mean of these NOEC values is 15.1

mg/kg.
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The effect and accumulation of Cd in lettuce (Lactuca sativa) grown in hydroponic solution was

found to be affected by the concentration of other trace elements. Consequently, no absolute

toxicity limits for Cd can be drawn without considering other trace elements (Thys et al. 1991).

Calcium, phosphorus, zinc, copper, and manganese reportedly impede Cd uptake. However, the

results were not conclusive and seemed to depend on several other factors such as plant species

and varieties.

OECD (1979) found that Cd caused reductions in yield in eight agronomic plants grown

hydroponically. Three-week old plants showed 50 percent growth reduction over a subsequent

19-day period of treatment with Cd ions, as follows: beans, beets, turnips-0.2 milligrams per

liter (mg/l); corn and lettuce-il.0 mg/l; tomatoes and barley-5.0 mg/I; and cabbage-9.0 mg/l.

The Cd content in surface agricultural soils has been found to range from traces to 4.67 mg/kg,

with an average of 0.88 + 0.79 mg/kg in 33 soils. The common natural level for Cd in soils is

probably 1 mg/kg (OECD 1979). Cd concentrations in soil above 250 mg/kg (dry weight) may

cause partial elimination of soil microflora (OECD 1979). Few studies of bioaccumulation and

food web dispersal have been conducted involving plants and Cd. Because toxic Cd levels are

known for soil microflora, it is possible that plants are affected by poor soil conditions long

before Cd levels within the plant can reach toxic concentrations.

1.2 TERRESTRIAL VERTEBRATES

Wildlife are exposed to Cd primarily via ingestion of contaminated food and drinking water. In

some situations, Cd contamination can occur mainly from aerial deposition (Beyer et al. 1985).

Contamination is most severe near smelters and urban industrialized areas. Birds and mammals

appear to be less sensitive to Cd than aquatic organisms. In kidney and liver tissues

contamination may be aggravated by a protein (as metallothionein) and rendered less toxic

(Klassen et al. 1986). Cd accumulates with age (Hunter et al. 1981) and is seen at higher
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0 concentrations in insectivores such as common shrews (Sorex araneus) than in herbivores such

as field voles (Microtus agrestis) (Roberts and Johnson 1978; Scanlon 1979).

Sublethal effects of Cd on birds and mammals include reduced growth rate, anemia, hypoplasia

in bone marrow and gonads, enlarged heart, and behavioral impacts to adults and progeny.

Lowest concentrations of Cd producing significant effects include cardiovascular disease in

domestic pigeons (Columba livia) exposed to 600 parts per billion (ppb) Cd in drinking water and

behavioral alterations of progeny after female black ducks (Anas rubripes) were fed 4 parts per

million (ppm) Cd in their diets (Eisler 1985). Threshold concentrations of dietary Cd having

significant physiological effects appear to be around 20 ppm for mallard (Anas platyrhynchos)

ducklings, with exposures of adult birds ranging up to 75 ppm. Male and female mallards fed

200 ppm dietary Cd survived with no weight loss, but egg production was decreased in females

(White and Finley 1978, cited in Eisler 1985).

Bone marrow and hematopoietic effects on rodents are known from dietary exposures of less than. 2 ppm (Siewicki et al. 1983). The lowest oral dose causing mortality in laboratory rats and

guinea pigs was 250 and 150 mg Cd per kg body weight, respectively. A maximum dietary Cd

content of 100 microgram per kilogram (jtg/kg) is recommended to avoid acute toxicity and

effects of accumulation of Cd in tissues (EPA 1980, cited in Eisler 1985).

Eisler (1985) points out that U.S. Environmental Protection Agency (EPA) criteria for Cd in food

for humans (75 micrograms per day [pýg/day]) is probably not protective of wildlife, because birds

and wild mammals consume 6 to 7 percent of their body weight per day and thus get a much

higher dose than humans, who consume about 1 to 2 percent of their body weight each day.

Cd accumulates in liver and kidneys of vertebrates (Anderson and Van Hook 1973; Johnson et al.

1978). In humans, a Cd concentration of 200 ppm (fresh weight) in renal cortex tissue is the

highest level at which no adverse effects are observed. Cd associated with the liver and kidney
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of the chipping sparrow (Spizella passerina) was eliminated with a half-life of about 100 days.

Mallard ducklings fed 20 ppm dietary Cd had accumulated 42 ppm Cd in liver tissue after 12

weeks. Mallards and chickens tolerated 200 ppm Cd in the diet for long periods, producing

kidney concentrations of 130 ppm fresh weight.

Gray squirrels (Sciurus carolinensis) had higher Cd concentrations in their livers in urban areas

(5.96 to 9.11 plg/g) than in rural areas (2.04 to 4.63 lag/g) (McKinnon et al. 1976). High

concentrations were seen in kidney and liver tissues of rabbits by a smelting plant, 61 and

5.8 pgg/g fresh weight, respectively (Gordon 1972). Meadow voles (Microtus pennsylvanicus)

exposed to sewage sludge containing Cd for 4 years had fresh weight concentrations of 0.8 to 3.1

mg/kg in their livers and 3.5 to 19.1 mg/kg in their kidneys; in contrast, animals from control

fields had 0.1 to 0.7 mg/kg in their livers and 0.3 to 1.1 mg/kg in their kidneys (Maly and Barrett

1984). Cd concentrations in the liver and kidney of common shrews, field voles, and wood mice

were low (13.6, 20.5; 0.7, 1.7; and 0.4, 2.0 gag/g dry weight, respectively) at control sites, and

significantly higher at a copper/Cd refinery (578, 253; 22.7, 88.5; and 18.2, 41.7 g.g/g,

respectively) (Hunter et al. 1981).

Whole body concentrations in the vicinity of zinc smelters, in dry weight for carcasses of 10

species of birds, was 2.5 mg/kg downwind and 1.2 mg/kg upwind (Beyer et al. 1985). For mice

(Peromyscus sp.), values were 2.6 mg/kg downwind and 1.2 mg/kg upwind. For short-tailed

shrews (Blarina sp.) values were 7.3 mg/kg downwind and 4.8 mg/kg upwind (Beyer et al. 1985).

From uncontaminated sites, European starlings had whole body concentrations of 0.05 to

0.24 mg/kg fresh weight.

Cd residues in vertebrate kidneys or livers that exceed 10 mg/kg fresh weight or 2 mg/kg in

whole body fresh weight should be considered probable Cd contamination. Levels of 13 and 15

ppm Cd tissue fresh weight probably represent a significant hazard to animals at higher trophic
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. levels. Residues of 200 ppm fresh weight kidney or more than 5 ppm whole animal fresh weight

should be considered life-threatening (Eisler 1985).
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2.0 CHROMIUM

Chromium (Cr) is an abundant element in the earth's crust. It occurs in many oxidation states,

but only trivalent and hexavalent forms are biologically significant. Cr in ambient air originates

from industrial sources such as ferrochrome production, cement production, ore r'efining, chemical

and refractory processing, and combustion of fossil fuels. Cr values in air are less than 0.1

microgram per cubic meter (jig/m3) and range from 0.01 to 0.03 gig/m 3 in industrial areas (Goyer

1986). No biomagnification of Cr has been observed in food chains, and concentrations are

usually highest at the lowest trophic levels (Eisler 1986).

2.1 TERRESTRIAL VEGETATION

Cr is not presently considered an essential nutrient for plant growth, although it is suspected to

be an essential or at least stimulatory element for some species of higher plants, bacteria, and

fungi (Arnon 1938). Arnon (1938) reported that Cr might improve the growth of barley plants,

at least when combined with nickel and molybdenum in a culture solution. Basically, these

findings suggested that Cr, if present in minute quantities, may favorably influence the growth

of plants. Rai and Raizada (1988) confirmed an interactive relationship, whether antagonistic or
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protagonistic, between Cr and other micronutrients. A loss of cellular Nae and K' was found in

the blue-green alga Nostoc muscorum when Cr concentrations in solution reached 20 micrograms

per milliliter (gg/ml). Unfortunately, little information exists on the role of trace heavy metals,

including Cr, in bioaccumulation in plants and movement through food chains.

Median lethal concentration (EC50) and NOEC values were determined by Adema and Henzen

(1989) in loamy soil for lettuce, oats, and tomatoes. All plants showed a weight decrease as a

symptom of toxic Cr concentrations. Lettuce had an EC50 value of 1.8 ig/g and a NOEC value

of 0.35 jig/g. Oats had an EC50 value of 7.4 and a NOEC value of 3.5. Tomatoes had an EC50

value of 6.8 and a NOEC value of 3.2. The mean of the NOEC values is 2.4 jig/g.

2.2 TERRESTRIAL VERTEBRATES

Cr is an essential trace element in humans and at least some laboratory animals; data are lacking

for wild populations. Adverse effects have been documented in ducklings at 10.0 mg of Cr`3 per

kilogram of diet (a dose of 0.339 mg/kgbw/day) and in rabbits receiving a dose of either Cr÷3 or. Cr+6 at 1.7 mg/kg bw/day (Eisler 1986). High concentrations of Cr are normally found in

ribonucleic acid (RNA), but its role is unknown. Trace quantities are essential for carbohydrate

metabolism in mammals as well as insulin action. In humans, a diet lacking Cr can lead to Cr

deficiency (Goyer 1986). Half-life for elimination of Cr from rats is 0.5, 5.9, and 83.4 days

(Mertz 1969).

Tissue concentrations of Cr vary geographically and have been documented as high as 7 gg/kg

in lungs of persons in New York and Chicago (Schroeder et al. 1962, cited in Goyer 1986).
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3.0 LEAD

Historically, 98 percent of the lead (Pb) in the biosphere has come from automobile emissions,

specifically the combustion of Pb alkyl additives in gasoline (Smith 1980). Introduced as a fine

aerosol, Pb eventually falls out either in precipitation or in dust onto vegetation and soil. The

prevalence of leaded gasoline until recent years has resulted in high accumulations of Pb along

roadsides.

3.1 TERRESTRIAL VEGETATION
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Elemental Pb is not taken up through plant roots (Treshow 1978), but in methylated form is

bioavailable and more toxic (Klein and Scheunert 1978). Pb inhibits plant growth, reduces

photosynthesis, and reduces mitosis and water absorption (Demayo et al. 1982).

For two species of roadside weeds (Cassia sp.), pollen germination was reduced by 90 percent

and seed germination by 87 percent at Pb levels of about 500 mg/kg dry weight in soil and about

300 mg/kg dry weight in foliage (Krishnayya and Bedin 1986). Stournaras et al. (1984) had

similar findings with a study of soybean (Glycine max) cells exposed to Pb. When the cells were

exposed to Pb at concentrations of 207 pg/l, growth was inhibited before cells died.

Anderson (1977) concluded that several metals, including Pb, were generally unavailable for plant

uptake. Eisler (1988) confirmed that uptake of Pb by terrestrial plants is limited by the low

bioavailability of Pb from soils; adverse effects seem to occur only at total concentrations of

several hundred milligrams Pb per kilogram soil. EPA (1980) concluded that there is no evidence

for biomagnification of Pb in the food chain that includes vegetation, cattle, dung, and dung. beetles (Robel et al. 1981), nor is there convincing evidence that terrestrial vegetation is important

in food chain biomagnification of Pb.

Although foliar uptake and translocation of lead nitrate has been demonstrated (Hemphill and

Rule 1975), foliar uptake of particulate heavy metals is reportedly of minor importance in

contributing to the metal concentrations in annual rings (Arvik and Zimdahl 1974). Little (1973)

found that more than 90 percent of the heavy metal burden measured for the leaves of deciduous

trees was in the form of surficial deposition that could be removed by washing the leaves in

detergent or mild acid solutions.
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3.2 TERRESTRIAL VERTEBRATES

The toxicity of Pb to mammalian systems is widely recognized. Much of the toxicity to

vertebrates probably stems from its tendency to demyelinate axons. Pb also interferes with the

activity of the adenosine tri-phosphate enzyme, ATP-ase, and thus is potentially toxic to all

organisms (Jernelov et al. 1978). Toxic concentrations of Pb in vertebrates are mostly due to the

ingestion of lead shot. More than one million ducks and geese die annually as a result of such

ingestion (Clemens et al. 1975, cited in Eisler 1988). As with other biota, bioaccumulation is

also the result of exposures to combustion of leaded gasoline in vehicles. Raptors, in turn, ingest

Pb from dead or crippled game, from Pb-poisoned waterfowl that had ingested lead shot, or from

roadside mammals and invertebrates that had high exposures. High Pb doses induce abortion,

reduce or terminate pregnancy, result in stillbirths, or increase skeletal malformations. Pb

toxicosis has been studied mostly in livestock and laboratory animals. Survival was reduced

under the following regimens: acute oral doses of 5 mg/kg body weight in rats, chronic oral doses

of 0.3 mg/kg body weight in dogs, and dietary levels of 1.7 mg/kg body weight in horses (Eisler

1988). The lowest dose of 0.3 mg/kg bw/day is approximately equal to a dietary concentration

of 12 mg/kg.

Although ingestion of food containing biologically incorporated Pb is unlikely in itself to cause

Pb poisoning (Stendell 1980; Custer 1984; Pattee 1984; all cited in Eisler 1988), the effects of

lower exposure levels are not well known (Nriagu 1978). While the use of lead arsenate as an

insecticide in orchards has decreased, residues remain in upper soil surfaces and will be

bioavailable almost indefinitely (Gilmartin et al. 1985, cited in Eisler 1988). Sublethal effects

such as a delayed impairment of learning and abnormal social behavior were seen in monkeys

administered 0.1 milligrams Pb/kg body weight daily or fed diets containing 0.5 mg Pb/kg.

Differences in response to Pb contamination has been documented to differ based on species, age,

season, geographic location, habitat, and the form in which the metal was ingested (Finley and

Dieter 1978; Mudge 1983; Srebocan and Rattner 1988; all cited in Eisler 1988). Comparisons
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at different traffic densities found concentrations of Pb to be lowest in granivores, intermediate

in herbivores, and highest in insectivores (Williamson and Evans 1972). Organic Pb has much

greater impact than inorganic Pb compounds.

Concentrations of Pb in tissues in pigeons were highest in urban areas (Tansy and Roth 1970;

Hutton and Goodman 1980) and close to highways (Getz et al. 1979). Starlings had whole body

(less skin, bill, and wings) concentrations of 1.088 jtg/g in urban areas and 0.681 gg/g in rural

areas. Four bird species had higher Pb concentrations near a steel factory (27 gtg/g) than farther

from the factory (2.5 jtg/g) (Dmowski and Karolewski 1979). Songbirds near zinc smelters had

56 ppm dry weight of Pb, and shrews had even higher concentrations. Two cuckoos from the

same contaminated area had liver concentrations of 18 and 25 ppm, respectively, and appeared

healthy (Beyer et al. 1985). In contrast, death resulted from Pb poisoning at liver concentrations

of 23 to 38 mg/kg fresh weight in raptors (Pattee et al. 1981, cited in Eisler 1988).

The highest concentrations of Pb in kidney and liver tissues of mice near smelting plants was 110. and 23 gig/g, respectively (Gordon 1972). Shrews had even higher concentrations (110 ppm dry

weight) than mice (17 ppm) near a zinc smelter. Kidney concentrations of Pb for the shrews

were 280 ppm wet weight, which was considered to be toxic (Beyer et al. 1985). Livers of

horses whose death was a result of Pb contamination contained 5.7 and 4.4 j.g/g, and kidneys had

6.5 and 4.8 gtg/g. In humans, Pb levels of 20 ppm are considered high.
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4.0 MERCURY

Mercury (Hg) compounds have no known role in normal physiology, and their presence in the

cells of living organisms apparently represents contamination from natural and anthropogenic

sources. Researchers have had difficulty specifying threshold levels or toxic effects on the basis

of present knowledge (NAS 1978).

4.1 TERRESTRIAL VEGETATION

All plants appear to accumulate traces of mercury, but the amount depends on the plant species,

locality, and chemical form of mercury available. Rooted plants absorb elemental mercury and
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alkylmercurials much more readily than ionic inorganic mercury (Dolar et al. 1971). Siegel et al.

(1971) reported root growth inhibition in cucumber seedlings grown in 1 ppm HgCl2 solution.

The bioaccumulation factor reported by Shariatpanahi and Anderson (1986) was 0.45 for

vegetables and herbs. This would make a safe soil concentration (i.e., protective of plants) of

2 ppm and below. From this initial point of entry, terrestrial plants, mercury is substantively

concentrated in the terrestrial food web. Bioaccumulation factors in birds range as high as 14

in the mallard (Heinz 1980) and as high as 22.5 in the mink (Wren et al. 1987).

4.2 TERRESTRIAL VERTEBRATES

The long-term use and subsequent ban in 1966 of alkyl mercury seed dressings in Sweden has

provided some valuable comparisons of mercury concentrations. Concentrations in liver, muscle,

and kidney of goshawks (Accipiter gentilis) in 1966 were 2.27, 0.99, and 3.06 Rtg/g, respectively.

These same measurements, taken 8 years after the ban in 1974, were 0.5, 0.2, and 0.57 gtg/g

(Henrikson and Karppanen 1975). In starlings, mercury concentrations in whole bodies (less bill,

skin, and wings) were 0.063 ptg/g at the initiation of a ban on mercurial fungicides. Two years

later, values had dropped to 0.02 gg/g (White et al. 1977). Concentrations of mercury in rodent

livers were 1.248 ptg/g in fields treated with mercury seed dressings and 0.18 [tg/g in untreated

areas (Fimreite et al. 1970).

Mammalian toxicity studies of mercury have reported reproductive effects and nonlethal effects

after doses of organic mercury were administered. Cats dosed orally with 0.250 mg organic

Hg/kg body weight/day for 48 days exhibited increased incidence of anomalous fetuses (Khera

1979, in Eisler 1987). Rats were also orally dosed with 0.50 mg organic Hg/kg body weight/day,

and exhibited reduced fertility (Khera 1979, in Eisler 1987). Mink showed signs of poisoning

after ingesting 1.100 mg organic Hg/kg in the diet (Kucera 1983, in Eisler 1987).

Avian mercury toxicity has also been studied. The effects level was reported for Japanese quail

after the birds were fed 32.0 mg inorganic Hg/kg diet or 4.0 mg organic Hg/kg diet in a study
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* that was conducted for 9 weeks from the time of hatching (Hill 1981, in Eisler 1987). Red-tailed

hawks are about twice as sensitive to Hg toxicity as kestrels, magpies, and pheasants (Solonen

and Lodenius 1984, in Eisler 1987). Adverse effects on mallard reproduction were observed from

a diet of 0.5 mg/kg (Heinz 1979).

Chronic exposure of laboratory rats to inorganic mercury has resulted in decreased body weight

and increased kidney weight. The central nervous system is a major target for organic mercury

compounds. Adverse effects in humans to subchronic and chronic oral exposures include brain

lesions, brain cell destruction, hearing and visual impairment, and loss of sensation to extremities.
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5.0 NICKEL

Nickel, which is emitted into the environment from both natural and anthropogenic sources, may

be circulated through environmental media by chemical and physical processes. It is biologically

transported by living organisms, but no studies found suggest it is involved in biological

transformation. In certain soils, nickel may exhibit a high mobility within the soil profile, finally

reaching groundwater and eventually wetlands, rivers, and lakes. To investigate the general

toxicity of nickel to biota, literature summarized by the World Health Organization (WHO 1991)

was surveyed.

5.1 TERRESTRIAL VEGETATION

Terrestrial plants take up nickel from soil primarily via the roots. Natural concentrations in

vegetation range from 0.05 to 5 mg/kg dry weight (WHO 1991). The concentration in plants

depends on geochemical and physical soil processes. For example, increased soil acidity increases

the solubility of nickel and thus its uptake by plants. Lethal levels for most plants are

approximately 50 mg/kg dry weight in plant tissue, although some nickel tolerant species,

especially in the genus Alysium, can accumulate orders of magnitude above this level (WHO

1991). Dry weight values can be converted to a wet weight basis using an average of the

conversions given by Gish (1970) for soil (1.3) and earthworms (5.8), since plants are

intermediate in their percentage of water. The presence of other heavy metals with nickel may

have synergistic effects to plants, but the co-occurrence of high calcium levels may have an
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* ameliorating effect on nickel toxicity (WHO 1991). This was documented in a study using

soybeans and measuring leaf yields (Wallace et al., 1980).

.5.2 TERRESTRIAL VERTEBRATES

In wildlife, nickel is found in many organs and tissues, due to dietary uptake by herbivores and

their predators. However, no evidence was found that nickel biomagnifies in food chains. Wild

ruminants grazing near nickel-emitting industrial sources accumulated nickel in the ribs and

kidneys, at levels from 1.13 to 1.50 mg/kg dry weight and 0.47 to 0.86 mg/kg dry weight.

respectively.

LD50s for mamrnmals in laboratory experiments include:

rat-intravenous dose of 22 mg/kg (Hackett and Sunderman 1967)

rat-subcutaneous dose of 21 mg/kg (Hackett and Sunderman 1967)

rat-interperitoneal dose of 13 mg/kg (Hackett and Sunderman 1967)

An ecosystem effect was observed 100 to 500 mgNi/kg in soil, which disrupted the nitrogen cycle

by losses through increased leaching of nitrogen in a boreal jack pine forest (DeCantazaro and

Hathinson 1985).
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6.0 SILVER

Silver (Ag) is very toxic even in minute amounts to living organisms. Ag is a white, ductile

metal occurring naturally in the pure form and in ores. Bowen (1979) suggested that Ag shows

a close relationship between parent material and soil concentrations, which may have some

relationship to bioaccumulation over time. Reported concentrations of Ag in parent materials are

on the order of 0.05 ptg/g, slightly lower than the average crustal abundance. Near smelters,

power plants, and in sewage sludges, values of 0.3 jig/g can be expected. There appear to be no

relevant data concerning the chemistry or mobility of Ag in soils (Coughtrey and Thome 1983).

6.1 TERRESTRIAL VEGETATION

The Ag ion Ag÷' is an effective inhibitor of ethylene action in plants (Beyer 1976). Among the

ethylene effects found by Beyer to be nullified or inhibited by the Ag ion were the etiolation of

pea seedlings; promotion of abscission of leaves, flowers, and fruits of cotton; and induction of

senescence in orchid flowers. Silver thiosulfate has proven to be even more effective in delaying

senescence of cut flowers than silver nitrate (Halevy and Mayak 1981).

Hunter (1953) studied seasonal changes in the concentrations of many elements, including Ag,

in fronds and rhizomes of the fern Pteridium aquilinum. He noted that concentrations of Ag

increased gradually and were highest when the fronds were old, presumably because of exposure

time. Bioaccumulation of Ag in plants apparently does occur. However, little work has been

done on its movement through the food chain.

6.2 TERRESTRIAL VERTEBRATES
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Ag does not occur regularly in animal tissues. The major effect of excessive absorption of Ag

is local or generalized impregnation of the tissues, where it remains as silver sulfide. This forms

an insoluble complex in elastic fibers, resulting in argyria (Goyer 1986). Although the data for

the systemic distribution of stable Ag are variable, they do not suggest that any organ or tissue,

except perhaps the spleen, concentrates the element to any great extent (Coughtrey and Thorne

1983). In a 12-week study, Walker (1971) reported a no observed adverse effects level (NOAEL)

of 65 mg/kg/day for rats exposed to Ag in the diet. Venugopal and Lucky (1978) reported an

LD50 for Ag metal colloid in mice at 100 mg/kg body weight, an LD50 for silver oxide in rats at

2820 mg/kg body weight, and an LD50 for silver fluoride in guinea pigs at 300 mg/kg body

weight.
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7.0 VANADIUM

Vanadium is a naturally occurring element in the earth's crust with typical levels ranging from

60 to 110 mg/kg in pristine soils (Kabata-Pendias and Pendias, 1987). In the environment it is

usually combined with other elements such as oxygen, sodium, sulfur, or chloride. It also occurs

naturally in fuel oils and coal. The forms of vanadium found at hazardous waste sites are not

well known. Vanadium oxide (man-made form) is used by the steel industry. Small amounts

are also used in making rubber, plastics, ceramics and certain other chemicals (ATSDR, 1991).

The burning of fuel oil is the most likely way for vanadium to enter the environment.

Anthropogenic releases to air account for approximately two-thirds of all vanadium emissions

(ATSDR 1991).

7.1 TERRESTRIAL VEGETATION

In plants, vanadium has been shown to act synergistically with selenium (Fergusson, 1990). The

general population is exposed to background levels of vanadium primarily through ingestion of

food. Vanadium is common in many foods, especially milk, cereals and vegetables. It has a

natural affinity for fats and oils in food products.

7.2 TERRESTRIAL VERTEBRATES

Vanadium in most forms is moderately absorbed (Klassen, et al., 1986). Absorption of vanadium

compounds through the lungs is estimated to be approximately 25 percent for soluble compounds,

while absorption via ingestion of vanadium is much less (2 to 3 percent) (ICRP, 1960, cited in

Lagerkvist et al., 1986). Following absorption, vanadium is stored primarily in the fat, followed

by and to a lesser extent bones and teeth (Goyer, 1986). Normal serum levels of vanadium range

from 35-48 ptg/100 ml in humans. Most vanadium is excreted in the urine within 1 day following

long term moderate exposure to dust (ATSDR, 1991). Increased amounts of vanadium in the diet

produce increased concentrations in red blood cells. Parenteral administration can produce a

transient increase in concentrations of vanadium in the liver and kidney (Casarett and Doull,
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. 1986). Inhalation of vanadium may lead to concentrations of vanadium in the lung, but normally

the other organs contain negligible amounts.

The toxic actions of vanadium are largely confined to the respiratory tract and occur in an

industrial setting. Short-term inhalation exposures using experimental animals tend to confirm

the effects of vanadium on lung tissue as well as the kidney. Waters (1977) observed that

subacute exposure to vanadium may also adversely affect the liver, adrenals, and bone marrow

in laboratory animals. Acute vanadium exposure in animals causes effects on the nervous and

respiratory systems. Chronic occupational exposure in humans has been associated with

symptoms of chronic bronchitis, rhinitis, and pharyngitis (Lagerkvist et al, 1986). Long-term

exposure to vanadium pentoxide, trioxide, and chloride via the respiratory system produces fatty

changes and partial necrosis of the liver in animals (Lagerkvist et al., 1986). There is no

evidence for chronic oral toxicity from vanadium ingestion (NAS 1977, cited in Carlson et al.,

1986).

. In laboratory studies by Schroeder et al. (1970) and Kowalska (1988), rats chronically

Halevy, A.H. and S. Mayak. 1981. "Senescence and postharvest physiology of cut flowers--

Part 2." Horticultural Reviews 3:59-143.

Hunter, J.G. 1953. "The composition of bracken: Some major and trace element constituents."

J. Sci. Food Agric. 4:10-20.

Venugopal, B. and T.D. Luckey. 1978. Metal Toxicity in Mammals. 2: Chemical Toxicity of

Metals and Metalloids. Plenum Press New York, N.Y. 409 pp.

Walker, F. 1971. Experimental Argyria: A Model for Basement Membrane Studies. British

Journal of Experimental Pathology. 52:589-593.
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8.0 ZINC

Zinc (Zn) is an essential metal, acting as a cofactor in many enzymes. Thus, it is not surprising

that many organisms have systems to accumulate and store Zn. However, at concentrations above
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the micronutrient level required, Zn exerts toxic effects. Zn may enter a food chain through

aerial deposition on foliage or through uptake by plant roots. Although Zn is extremely soluble,

uptake by roots is limited.

8.1 TERRESTRIAL VEGETATION

Zn is an important micronutrient for plants. It is essential to the synthesis of the important plant

hormone indole acetic acid (IAA) and may be involved in protein synthesis (Barbour et al. 1987).

Fungal hyphae of mycorrhizae growing from the plant roots into additional soil areas help to

absorb many nutrients, particularly the less mobile nutrients such as Zn (Donahue et al. 1983).

Excess soil phosphorus can cause Zn deficiency. In susceptible plants such as corn, beans, and

flax, excess soluble phosphate precipitates Zn into insoluble zinc phosphates, both inside the plant

and in the soil (Donahue et al. 1983). As with most metals, Zn is interactive with other elements

in the soil. Micronutrient cations such as Zn are relatively insoluble in nutrient solutions when

provided as common inorganic salts, and they are nearly insoluble in most soil solutions

(Salisbury et al. 1985). This insolubility is especially marked if the pH is above 5 (Clark 1982).

Taylor et al. (1991) subjected wheat to various Zn concentrations in soil media. The wheat plants

showed signs of growth reduction at a threshold of 37 tM. Using the Weibull frequency

distribution, Zn caused 0.5 percent growth reduction/jM. Growth reduction occurred even at

nearly neutral pH conditions (6.5) in the soil.

Surface application of Zn on rangelands having claypan soils could increase herbage production,

but the Zn concentration could become toxic to the crown and roots of the grasses. White (1991)

found that herbage decreased and chlorosis occurred in blue grama (Bouteloua gracilis) plants

when application rates exceeded 0.40 grams Zn per kilogram soil. At 2.0 grams Zn per kilogram

soil applied as zinc chloride, one-half of the plants died (White 1991).
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8.2 TERRESTRIAL VERTEBRATES

Beyer et al. (1985) found that very little of the Zn in soil was incorporated in flora and fauna;

contamination came predominantly from aerial deposition. They also found higher concentrations

of Zn in shrews and lower concentrations in mice, in contrast to Roberts and Johnson (1978),

who found similar values between these herbivores and insectivores. Kidney concentrations in

gray squirrels were higher in urban areas (25.5 to 31.9 ptg/g) than in rural areas (14.3 to

18.6 gg/g) (McKinnon et al. 1976).

Zn absorption is affected by numerous dietary factors. These interactions and the uptake

mechanisms are generally not well understood. In a laboratory study, Zn was administered in

drinking water (200 mg/1) by itself and in combination with other metals (Cooke et al. 1990).

Resultant Zn concentrations in the kidneys were higher than liver and femur concentrations.

However, this was also the case when the combinations Zn/Cd and iron/Pb/Zn/Cd were

administered. In fact, the highest kidney concentrations occurred in the high Cd-only treatments.

This may reflect the induction of metalliothioneins, which can bind Zn and Cd, and subsequent

redistribution and accumulation in the kidney (Cooke et al. 1990).

Most animals have a high tolerance for Zn. Ruminants are more susceptible to Zn intoxication

than monozootic animals. Beef cattle and lambs tolerate 500 mg of Zn/gm feed (Ott et al. 1966).

Pigs and rats tolerate up to 0.10 percent Zn in diet, but when fed 0.5 percent Zn in diet, rats

become anemic , grow poorly and have high mortality (Sutton and Nelson 1937, Lewis et al.

1957). Venogopal and Luckey (1978) reported LD50 values for oral exposure to Zn salts:

350 mg/kg body weight (zinc chloride-mice)

350 mg/kg body weight (zinc chloride-rat)

250 mg/kg body weight (zinc chloride-guinea pig)

45.7 mg/kg body weight (zinc phosphate-rat)
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. Drinker et al. (1927), Dughay et al. (1977) reported NOAEL 98.3 mg/kg body weight for Zn in

rats and a LOAEL 38 mg/kg body weight/day for Zn in mice.

Zn seems to have a very low level of transfer potential through terrestrial food chains, which may

be associated with its essential role in biological systems (Roberts and Johnson 1978).
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9.0 CYANIDE

Although cyanide (CN) is ubiquitous in the environment, levels tend to be elevated in the vicinity

of metal processing operations, electroplaters, gold and other metal-mining facilities, oil

refineries, power plants, and solid waste combustion sites. Manufacture of synthetic fabrics and

plastics, pesticidal agents, and predator control devices are additional sources. Natural sources

of elevated CN levels occur in many food and forage plants (Eisler 1991). Many chemical forms

of CN exist in the environment. Free CN (the sum of molecular hydrogen, CN, hydrogen

cyanide, and the CN anion, CN") is the primary toxic agent, regardless of origin.

No reports were found of CN biomagnification or cycling in living organisms, probably owing

to its rapid detoxication. CN seldom persists in surface waters and soil owing to complexation

or sedimentation, microbial metabolism, and loss from volatilization (Eisler 1991).
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* 9.1 TERRESTRIAL VEGETATION

In higher plants, elevated CN concentrations inhibit respiration and adenosine triphosphate (ATP)

production, and other processes dependent on ATP, eventually leading to death (Towill et al.

1978). At lower concentrations, effects include inhibition of germination and growth, but CN

may sometimes enhance seed germination (Eisler 1991). More than 1,000 species of plants,

including cassava, sorghum, flax, cherries, almonds, and beans, contain elevated levels of

cyanogenic glycosides that release hydrogen cyanide when hydrolyzed (Towill et al. 1978; Leduc

1984). Factors favoring CN accumulation in cyanogenic plants include high nitrogen and low

phosphorus in soils (Biehl 1984). Cyanogenesis has an important role in plant defense against

predatory herbivores. Foliage of the lima bean, a plant with elevated CN content, has up to 31

mg/kg in some varieties (Brattsten et al. 1983).

9.2 TERRESTRIAL VERTEBRATES

Single large exposures of CN are extremely lethal and have been used by humans in mass

suicides and genocides. However, repeated sublethal doses-especially in diets--can be tolerated

O by many species for extended periods, and perhaps indefinitely.

The elevated CN levels in food plants and forage crops probably represent the greatest source of

CN exposure and toxicosis to humans and range animals. These plants contain CN in the form

of cyanogenic glycosides (Eisler 1991).

Adverse nonlethal effects were noted at drinking water concentrations greater than 150 mg

hydrogen CN per liter and at dietary concentrations greater than 720 mg hydrogen cyanide per

kilogram (Eisler 1991). Philbrick et al. (1979) reported NOAELs and LOAELs of 10.8 mg/kg

body weight/day and 30 mg/kg body weight/day, respectively, after a 2-year dietary study

involving oral exposure of CN to rats. The LOAEL dose of 30 mg/kg bw/day is approximately

equal to a dietary concentration of 600 mg/kg. The LD50 for CN is 1.43 mg/kg body weight in

mallards, 2.54 mg/kg body weight in the black vulture (Coragyps atratus), and 11.1 mg/kg body
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weight in the domestic chicken (Wiemeyer et al. 1986). For mammals, LD50 values are

4.1 mg/kg body weight in the coyote (Canis latrans) (Wiemeyer et al. 1986). Domestic fowl and

livestock are protected from harmful effects of CN at less than 100 mg/kg in their diet.
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APPENDIX I

UXB EXPLOSIVE SOIL TEST RESULTS



FECEIVED
Lm -jn'JAN 2 6 3
INTERNATIONAL

January 21, 1993 EBASCO ENVIRONMENTAL
D'X'I ;IEG;ONAL OFFICE

Mr. Charles Haddox
EBASCO Services
143 Union Boulevard
Suite 1010
Lakewood, CO 80228-1824

Re: Results of 2,4,6 TNT; 2,4 DTNT and RDX Reactivity Testing conducted on December
- 18, 1992, for Tootle Army Depot South Area.

UXB International Inc., conducted field testing for explosive reactivity in soils at Tooele
Army Depot South (TADS) on December 18, 1992. Reactivity testing was conducted in
accordance with USATHAMA approved methods (Special Report 91-17, Dr. Thomas F. Jenkins,
Research Chemist, Geochemistry Sciences Branch, US Army Cold Regions Research and
Engineering Laboratory,October 1991) for determining reactivity concentrations of 2,4,6
Trinitrotoluene (TNT), 2,4 Dinitrotoluene (DTNT), and RDX in soil.

The following field samples identified below were tested using the above identified procedures.

Oa. Blank baseline instrument calibration
Ob. Known clean background sample
1. S-SS-25-01 NORTH OF MDF-92
2. S-SS-25-02 BETWEEN IDF 104 AND 108
3. S-SS-25-03 NORTH EAST OF IDF 110
4. S-SS-25-04 SOUTH WEST OF IDF 119

Of the six samples, Oa was tested as a blank for the purpose of instrument calibration, Ob was
screened to establish normal background, the four (4) remaining samples were the primary
objective. Each of the four (4) samples were extracted from within southeastern section of TADS
Solid Waste Management Unit number twenty-five (25) for explosive reactivity testing. These
samples are described as follows:

SAMPLE LOCATION

S-SS-25-01 NORTH OF IDF-92
S-SS-25-02 BETWEEN IDF 104 AND 108
S-SS-25-03 NORTH EAST OF IDF 110
S-SS-25-04 SOUTH WEST OF IDF 11

1

UXB International, Inc. * 14800 Conference Center Drive * Suite 100 - Chantilly, Virginia * 22021-3806
Telephone (703) 803-8904 * Telefax (703) 803-9355



UXB International -December 18, 1992
Explosive Reactivity Testing Results TADS. - SWMU #25
Laboratory Specialist - Daniel Stephens

SAMPLE 0a:

Blank - Used for calibration of equipment.

SAMPLE Ob:

Background sample - results evaluated against equipment calibration.

Results - No interferences detected.
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UXB International - December 18, 1992
Explosive Reactivity Testing Results TADS - SWMU #25
Laboratory Specialist - Daniel Stephens

SAMPLE TEST RESULT

01 2,4,6 TNT A. Detectable trace indications of 2,4,6 Trini'trotoluene present.

B. Traces indications are below field testable range limits for
"reactivity detection.

C. No reactivity hazard present

01 2,4 DTNT A. No detectable traces of 2,4 Dinitrotoluene were present

B. No trace indications encountered.

C. No reactivity hazard present.

01 RDX A. No detectable traces of RDX were present.

B. No trace indications encountered.

C. No reactivity hazard present.
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UXB International - December 18, 1992
Explosive Reactivity Testing Results TADS - SWMU #25
Laboratory Specialist - Daniel Stephens

SAMPLE TEST RESULT

02 2,4,6 TNT A. Detectable reactive indications for 2,4,6 Trinirotoluene
were present. Testing results revealed a measured
indication of 2,4,6 TNT present. The. percentage of 2,4,6
TNT recorded was 3,934 micro grains per gram. To
confirm this result a second sample -was prepared from
sample stock number 02 and was tested a second time. A
noticeable color change which was slightly lighter than the
first run sample was encountered. Testing revealed an
indication of 2,4,6 TNT present,'the percentage indicated
was 441 micro grams per gram.

B. 2,4,6 TNT percent indications are below safe reactivity
concern levels. Approximately a 3.5% reactivity level exist.

C. A 10% reactivity level is considered hazardous. Sample is
within the safe reactivity range.

02 2,4 DTNT A. No detectable traces of 2,4 Dinitrotoluene were present

B. No trace indications encountered.

C. No reactivity hazard present.

02 RDX A. Slight detectable trace indications of RDX were present.

B. No conclusive percentage concentrations could be obtained.
Trace RDX indications present were below testable limits.

C. No RDX reactivity hazard present.
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UXB International - December 18, 1992
Explosive Reactivity Testing Results TADS - SWMU #25
Laboratory Specialist - Daniel Stephens

SAMPLE TEST RESULT

03 2,4,6 TNT A. Detectable trace indications of 2,4,6 Trinitrotoluene present.

B. Traces indications are below field testable range limits for
reactivity detection.

C. No reactivity hazard present.

03 2,4 DTNT A. No detectable traces of 2,4 Dinitrotoluene were present

B. No trace indications encountered.

C. No reactivity hazard present

03 RDX A. No detectable traces of RDX were present.

B. No trace indications encountered.

C. No reactivity hazard present.
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UXB International - December 18, 1992
Explosive Reactivity Testing Results TADS -SWMU #25
Laboratory Specialist - Daniel Stephens

SAMPLE TEST RESULT

04 2,4,6 TNT A. Detectable trace indications of 2,4,6 Trinitrotoluene were
present.

B. Traces indications were below field testable range limits for
reactivity detection.

C. No reactivity hazard present

04 2,4 DTNT A. No detectable traces of 2,4 Dinitrotoluene were present

B. No trace indications encountered.

C. No reactivity hazard present.

04 RDX A. No detectable traces of RDX were present.

B. No trace indications encountered.

C. No reactivity hazard present.
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. AIR EMISSION ESTIMATES and PREDICTED AMBIENT AIR CONCENTRATIONS at
SELECTED RECEPTOR LOCATIONS for TOOELE GROUP ONE SWMUs

The approach used to develop baseline emission estimates for
SWMU 1 and SWMU 25 involved several steps.

1) Determination of Source Size

First of all, a vegetation-type map that included the SWMUs of interest was used to
estimate the total amount of disturbed area within cach SWMU. It was assumed that this total
would encompass the regions that most likely contribute particulate emissions to the ambient air.
For SWMU 1, the disturbed area was estimated to be 169,508 square meters (out of a total area
of 1,350,539 square meters). As a conservative measure, this estimate was multiplied by 1.25
to yield a final potential emission source area of 211,885 square meters.

A similar process was followed to define SWMU 25's source size. From the vegetation
maps, the disturbed area was estimated to be 623,180 square meters (out of a total area of
5,084,849 square meters). Again, this estimate was multiplied by 1.25 to yield a potential
emission source area of 778,975 square meters.

2) Calculation of Distances to Chosen Receptors

A site map was used to determine the distance from the center of each SWMU to the
* chosen receptors: Chemical Agent Disposal System (CAMDS) and Chemical Ammunition

Safeguard Area (CASA). For SWMU 1, the distance to CAMDS and CASA was 4,300 meters
and 2,650 meters respectively. For SWMU 25, the distance to CAMDS and CASA was 2,300
meters and 4,500 meters respectively.

3) SCREEN Dispersion Model Input Parameters

The EPA SCREEN Dispersion Model was utilized to predict maximum one-hour ambient
air concentrations at the receptor sites of interest. The SCREEN model predicts worst-case
pollutant concentrations by assuming that the wind blows across the given source directly at the
specified receptor for the entire hour under the poorest possible atmospheric dispersion conditions.

Each SWMU was modeled as an area source with a particulate emission rate of 5.787E-05
grams per second-square meter. This estimated emission rate was obtained by using guidance
supplied in the Air Superfund National Technical Guidance Study Series, Volume 3: Estimation
of Air Emissions from Cleanup Activities at Superfund Sites, Interim Final EPA/450/1-89/003.
This document suggests a typical emission rate of 0.39 grams per day-square meter for
particulates from inactive waste pile areas. As a conservative measure, 0.50 grams per day-square
meter was used in our model runs. It should be recognized that particles larger than the
respirable fraction (i.e. greater than 10 to 15 microns) will likely settle out within a hundred
meters or so of the source. Thus, it is important to note that the SCREEN model fails to account
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for diameter-specific, gravitational settling and therefore, overestimates a distant receptor's
respirable particulate concentration.

A complete listing of each model run, including all input parameters, is provided in the
attached pages.

4) Calculation of Ambient Concentrations

SCREEN produced three worst-case particulate concentrations for each model run: the
maximum one-hour concentration at a distance greater than 1 meter from the area source
(Fenceline), the maximum one-hour concentratiorn at CAMDS, and the maximum one-hour
concentration at CASA. It was then assumed that these particulate concentrations contained the
contaminants of concern (COC) in exactly the same proportion as that which was identified in
the Group One soil sampling. Therefore, at each receptor location, the predicted particulate
concentration was multiplied by a COC scaling factor (the measured soil concentration) to yield
a highly, conservative ambient air concentration for each COC. Tables I and 2 list these results.

5) Comparison with Actual Sampling Data

During August of 1992, ambient air sampling was conducted in the vicinity of SWMU
1 and SWMU 25. Sites were located upwind and downwind of each SWMU, approximately 15
meters from each fenceline. Table 3 summarizes the results of metals sampling for this period.
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TABLE 1

SWMU 1 EMISSION ESTIMATES - PREDICTED AMBIENT CONCENTRATIONS

SOIL PREDICTED CONCENTRATIONS
ANALYTE CONC. FENCELINE CAMDS CASA

(ug/g) (ug/m3)

"FSP ------------- 231.3 55.94 71.55

SILVER 1.126 2.6E-04 6.3E-05 8.1 E-05

ALUMINUM 29109.722 6.7E+00 1.6E+00 2.1E+00

ARSENIC 16.127 3.7E-03 9.OE-04 1.2E-03

BARIUM 2356.575 5.5E-01 1.3E-01 1.7E-01

BERYLLIUM 0.650 1.5E-04 3.6E-05 4.7E-05

CADMIUM 15.124 3.5E-03 8.5E-04 1.1E-03

COBALT 9.340 2.2E-03 5.2E-04 6.7E-04

CHROMIUM 378.792 8.8E-02 2.1 E-02 2.7E-02

COPPER 574.079 1.3E-01 3.2E-02 4.1 E-02

CYANIDE 0.850 2.OE-04 4.8E-05 6.1 E-05

MERCURY 0.047 1.1 E-05 2.6E-06 3.4E-06

MANGANESE 613.610 1.4E-01 3.4E-02 4.4E-02

NICKEL 50.530 1.2E-02 2.8E-03 3.6E-03

LEAD 144.419 3.3E-02 8.1E-03 1.0E-02

VANADIUM 23.862 5.5E-03 1.3E-03 1.7E-03

ZINC 1798.253 4.2E-01 1.OE-01 1.3E-01

BIS2EHP 0.732 1.7E-04 4.1 E-05 5.2E-05



TABLE 2

SWMU 25 EMISSION ESTIMATES - PREDICTED AMBIENT CONCENTRATIONS

SOIL PREDICTED CONCENTRAT IONS
ANALYTE CONC. FENCELINE CAMDS CASA

(uo_/g) (ug/m3) (ug/m3) (ug/m3)

TSP ------------- 278.3 141.8 106.5

SILVER 3.367 9.4E-04 4.8E-04 3.6E-04

ALUMINUM 28858.949 8.OE+00 4.1E+00 3.1E+00

ARSENIC 11.322 3.2E-03 1.6E-03 1.2E-03

BARIUM 6325.577 1.8E+00 9.OE-01 6.7E-01

BERYLLIUM 0.689 1.9E-04 9.8E-05 7.3E-05

CADMIUM 1.864 5.2E-04 2.6E-04 2.OE-04

COBALT 8.513 2.4E-03 1.2E-03 9.1 E-04

CHROMIUM 345.966 9.6E-02 4.9E-02 3.7E-02

COPPER 787.018 2.2E-01 1.1E-01 8.4E-02

CYANIDE 3.714 1.OE-03 5.3E-04 4.OE-04

MERCURY 0.069 1.9E-05 9.8E-06 7.3E-06

MANGANESE 620.622 1.7E-01 8.8E-02 6.6E-02

NICKEL 47.425 1.3E-02 6.7E-03 5.1 E-03

LEAD 147.204 4.1E-02 2.1E-02 1.6E-02

VANADIUM 30.099 8.4E-03 4.3E-03 3.2E-03

ZINC 226.312 6.3E-02 3.2E-02 2.4E-02

BIS2EHP 1.856 5.2E-04 2.6E-04 2.OE-04
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SCREEN2 MODEL RUN ***
*** VERSION DATED 92245 ***

SWMUI

SIMPLE TERRAIN INPUTS:
SOURCE TYPE - AREA
EMISSION RATE (G/(S-M**2)) = .578700E-05
SOURCE HEIGHT (M) .0000
LENGTH OF SIDE (M) - 460.3000
RECEPTOR HEIGHT (M) = 2.0000
URBAN/RURAL OPTION = RURAL

BUOY. FLUX = .000 M**4/S**3; MOM. FLUX = .000 M**4/S**2.

*** FULL METEOROLOGY ***

*** SCREEN AUTOMATED DISTANCES ***

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

DIST CONC U1OM USTK MIX HT PLUME SIGMA SIGMA
(M) (UG/M**3) STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DW•

1. .0000 0 .0 .0 .0 .00 .00 .00
100. .0000 0 .0 .0 .0 .00 .00 .00
200. .0000 0 .0 .0 .0 .00 .00 .00
300. 217.9 6 1.0 1.0 10000.0 .00 1.75 8.40 NO
400. 190.2 6 1.0 1.0 10000.0 .00 5.57 9.69 NO
500. 169.4 6 1.0 1.0 10000.0 .00 9.16 10.94 NO
600. 155.0 6 1.0 1.0 10000.0 .00 12.61 11.98 NO
700. 143.3 6 1.0 1.0 10000.0 .00 15.99 12.99 NO
800. 133.6 6 1.0 1.0 10000.0 .00 19.29 13.96 NO
900. 125.9 6 1.0 1.0 10000.0 .00 22.54 14.82 NO

1000. 119.3 6 1.0 1.0 10000.0 .00 25.74 15.66 NO
1100. 113.5 6 1.0 1.0 10000.0 .00 28.90 16.48 NO
1200. 108.4 6 1.0 1.0 10000.0 .00 32.03 17.27 NO
1300. 103.8 6 1.0 1.0 10000.0 .00 35.13 18.03 NO
1400. 99.70 6 1.0 1.0 10000.0 .00 38.20 18.79 NO
1500. 95.99 6 1.0 1.0 10000.0 .00 41.24 19.52 NO
1600. 92.62 6 1.0 1.0 10000.0 .00 44.26 20.24 NO
1700. 89.54 6 1.0 1.0 10000.0 .00 47.25 20.94 NO
1800. 86.71 6 1.0 1.0 10000.0 .00 50.23 21.63 NO
1900. 84.45 6 1.0 1.0 10000.0 .00 53.18 22.21 NO
2000. 82.35 6 1.0 1.0 10000.0 .00 56.12 22.78 NO
2100. 80.40 6 1.0 1.0 10000.0 .00 59.04 23.34 NO
2200. 78.56 6 1.0 1.0 10000.0 .00 61.95 23.89 NO
2300. 76.84 6 1.0 1.0 10000.0 .00 64.84 24.43 NO
2400. 75.23 6 1.0 1.0 10000.0 .00 67.71 24.96 TI

2500. 73.70 6 1.0 1.0 10000.0 .00 70.58 25.47
2600. 72.25 6 1.0 1.0 10000.0 .00 73.42 25.98
2700. 70.87 6 1.0 1.0 10000.0 .00 76.26 26.49 NO
2800. 69.55 6 1.0 1.0 10000.0 .00 79.08 26.98 NO
2900. 68.47 6 1.0 1.0 10000.0 .00 81.90 27.39 NO



3000. 67.43 6 1.0 1.0 10000.0 .00 84.70 27.80 NO
3500. 62.66 6 1.0 1.0 10000.0 .00 98.55 29.74 NO
4000. 58.36 6 1.0 1.0 10000.0 .00 112.17 31.55 NO
4500. 54.38 6 1.0 1.0 10000.0 .00 125.60 33.24 NO
5000. 50.66 6 1.0 1.0 10000.0 .00 138.85 34.84 NO

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M:
261. 231.3 6 1.0 1.0 10000.0 .00. .12 7.90 NO

DWASH= MEANS NO CALC MADE (CONC = 0.0)
DWASH=NO MEANS NO BUILDING DOWNWASH USED
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

*** SCREEN DISCRETE DISTANCES ***
* *** **** *** ******** *** ******

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

DIST CONC U1OM USTK MIX HT PLUME SIGMA SIGMA
(M) (UG/M**3) STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DWASH

4300. 55.94 6 1.0 1.0 10000.0 .00 120.25 32.57 NO
2650. 71.55 6 1.0 1.0 10000.0 .00 74.84 26.24 NO

DWASH= MEANS NO CALC MADE (CONC = 0.0)
DWASH=NO MEANS NO BUILDING DOWNWASH USED

* WASH=HS MEANS HUBER-SNYDER DOWNWASH USED
I qASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED

DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

*** SUMMARY OF SCREEN MODEL RESULTS ***

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (UG/M**3) MAX (M) HT (M)

SIMPLE TERRAIN 231.3 261. 0.

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **



03/01/94
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*** SCREEN2 MODEL RUN ***
*** VERSION DATED 92245 ***

SWMU25

SIMPLE TERRAIN INPUTS:
SOURCE TYPE = AREA
EMISSION RATE (G/(S-M**2)) = .578700E-05
SOURCE HEIGHT (M) = .0000
LENGTH OF SIDE (M) = 882.6000
RECEPTOR HEIGHT (M) = 2.0000
URBAN/RURAL OPTION - RURAL

BUOY. FLUX = .000 M**4/S**3; MOM. FLUX = .000 M**4/S**2.

*** FULL METEOROLOGY ***

*** SCREEN AUTOMATED DISTANCES ***
********* ** ****** *** *** *** ***

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

DIST CONC UlOM USTK MIX HT PLUME SIGMA SIGMA
(M) (UG/M**3) STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DW

1. .0000 0 .0 .0 .0 .00 .00 .00 1
100. .0000 0 .0 .0 .0 .00 .00 .00
200. .0000 0 .0 .0 .0 .00 .00 .00
300. .0000 0 .0 .0 .0 .00 .00 .00
400. .0000 0 .0 .0 .0 .00 .00 .00
500. 278.1 6 1.0 1.0 10000.0 .00 .11 12.83 NO
600. 258.9 6 1.0 1.0 10000.0 .00 4.15 13.81 NO
700. 243.6 6 1.0 1.0 10000.0 .00 7.80 14.69 NO
800. 230.6 6 1.0 1.0 10000.0 .00 11.30 15.53 NO
900. 219.3 6 1.0 1.0 10000.0 .00 14.71 16.35 NO

1000. 209.3 6 1.0 1.0 10000.0 .00 18.03 17.14 NO
1100. 200.4 6 1.0 1.0 10000.0 .00 21.30 17.91 NO
1200. 192.4 6 1.0 1.0 10000.0 .00 24.52 18.67 NO
1300. 185.1 6 1.0 1.0 10000.0 .00 27.70 19.40 NO
1400. 178.6 6 1.0 1.0 10000.0 .00 30.84 20.12 NO

.1500. 172.6 6 1.0 1.0 10000.0 .00 33.95 20.83 NO
1600. 167.1 6 1.0 1.0 10000.0 .00 37.03 21.52 NO
1700. 162.6 6 1.0 1.0 10000.0 .00 40.08 22.12 NO
1800. 158.5 6 1.0 1.0 10000.0 .00 43.10 22.69 NO
1900. 154.7 6 1.0 1.0 10000.0 .00 46.11 23.25 NO
2000. 151.2 6 1.0 1.0 10000.0 .00 49.09 23.80 NO
2100. 147.9 6 1.0 1.0 10000.0 .00 52.05 24.34 NO
2200. 144.7 6 1.0 1.0 10000.0 .00 55.00 24.87 NO
2300. 141.8 6 1.0 1.0 10000.0 .00 57.93 25.39 NO
2400. 139.0 6 1.0 1.0 10000.0 .00 60.84 25.90
2500. 136.4 6 1.0 1.0 10000.0 .00 63.73 26.41
2600. 133.9 6 1.0 1.0 10000.0 .00 66.62 26.90
2700. 131.8 6 1.0 1.0 10000.0 .00 69.48 27.33 NO
2800. 129.9 6 1.0 1.0 10000.0 .00 72.34 27.74 NO
2900. 128.0 6 1.0 1.0 10000.0 .00 75.18 28.14 NO



3000. 126.3 6 1.0 1.0 i0000.0 .00 78.01 28.53 NO
3500. 118.5 6 1.0 1.0 10000.0 .00 91.98 30.42 NO
4000. 112.0 6 1.0 1.0 10000.0 .00 105.71 32.18 NOO 4500. 106.5 6 1.0 1.0 10000.0 .00 119.22 33.84 NO
5000. 101.8 6 1.0 1.0 10000.0 .00 132.56 35.41 NO

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M:
499. 278.3 6 1.0 1.0 10000.0 .00 .11 12.83 NO

DWASH= MEANS NO CALC MADE (CONC = 0.0)
DWASH=NO MEANS NO BUILDING DOWNWASH USED
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

* ***** ** *********** ** ********

*** SCREEN DISCRETE DISTANCES ***

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

DIST CONC U1OM USTK MIX HT PLUME SIGMA SIGMA
(M) (UG/M**3) STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DWASH

2300. 141.8 6 1.0 1.0 10000.0 .00 57.93 25.39 NO
4500. 106.5 6 1.0 1.0 10000.0 .00 119.22 33.84 NO

DWASH= MEANS NO CALC MADE (CONC = 0.0)
DWASH=NO MEANS NO BUILDING DOWNWASH USED. DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
)WASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED

DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

*** SUMMARY OF SCREEN MODEL RESULTS ***

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (UG/M**3) MAX (M) HT (M)

SIMPLE TERRAIN 278.3 499. 0.

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **





APPENDIX L

HUMAN HEALTH TOXICITY PROFILES



. L.0 TOXICITY PROFILES

L.1 ALUMINUM ................................................ L-3
L.2 ANTIMONY ................................................ L-8
L.3 ARSENIC ................................................. L-13
L.4 BARIUM . ................................................ L-18
L.5 BERYLLIUM ............................................. L-22
L.6 CADM IUM ................................................ L-26
L.7 CHROMIUM ............................................... L-31
L.8 COBALT . ................................................ L-42
L.9 COPPER . ................................................. L-47
L.10 CYANIDE . ............................................... L-51
L.11 LEAD . .................................................. L-55
L. 12 MANGANESE . ............................................ L-66
L. 13 M ERCURY ................................................ L-73
L.14 NICKEL .. ................................................ L-77
L.15 SILV ER . ................................................. L-81
L.16 THALLIUM .............................................. L-86
L.17 VANADIUM ............................................... L-90
L.18 ZINC .................................................... L-93
L. 19 REFERENCES FOR TOXICITY PROFILES ........................ L-96
L.20 ADDENDUM FOR CHEMICAL AGENT .......................... L-126

TOO/0415 11/15/95 4:28 pm ap " Recycld



INTRODUCTION

In compiling the toxicologic profiles for these chemicals, an attempt was made to provide the
following information for each contaminant:

- Use and Occurrence
- Physical and Chemical Properties
- Fate and Transport
- Pharmacokinetics (i.e., Exposure, Absorption, Distribution, and Transport in the Body)
- Acute Toxicity
- Chronic Toxicity
- Mutagenesis, Carcinogenesis, and Teratogenesis
- EPA Carcinogenic Classification and Dose-Response Parameters

The Integrated Risk Information System (1994) provided information on EPA evaluations
regarding the weight-of-evidence carcinogenic classification of each suspected carcinogen, and
EPA promulgated dose-response parameters for each chemical. EPA's classification method for
designating the carcinogenic status of a chemical is defined below:

Group A - Human Carcinogen

This category indicates that there is sufficient evidence from human epidemiological studies to
support a causal association between an agent and cancer.

Group B - Probably Human Carcinogen

This category generally indicates that there is at least limited evidence from epidemiological
studies of carcinogenicity to humans with sufficient data in animals (Group BI) or that, in the
absence of adequate data on humans, there is sufficient evidence of carcinogenicity in animals
(Group B2).

Group C - Possible Human Carcinogen

This category indicates that there is limited evidence of carcinogenicity in animals in the absence
of data on humans.
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Group D - Not Classified

This category indicates that the evidence of carcinogenicity in animals is inadequate.

Group E - No Evidence of Carcinogenicity in Humans

This category indicates that there is no evidence for carcinogeriicity in at least two adequate
animal tests in different species or in both epidemiological and animal studies.

Dose-response information (i.e., cancer slope factors or unit risk for carcinogenic effects, and oral
and inhalation reference doses for noncarcinogenic effects), were also obtained directly from the
recent searches of the IRIS database, and are inserted into each profile (February, 1994).
Discussions of the derivation of these dose-response parameters were taken directly from the text
of IRIS. References in these discussions are not included in the references section of this text,
but can be obtained directly from the IRIS database. In many cases, the database provides no
information for contaminants of concern, most likely because certain chemicals are under
reevaluation, or have not yet been evaluated at all. In these cases, the 1993 Health Effects
Assessment Summary Tables (HEAST), is used as an alternative reference (USEPA, 1993). If
dose-response parameters are not available in either IRIS, HEAST, or any USEPA source, the

* profile states that EPA evaluations are not available at this time.

Other general references which were consulted for the compilation of these profiles included the
Hazardous Substance Data Bank (1993), which provides a wide variety of information on the
chemicals of concern. Information on occurrence and use, physical and chemical properties, fate
and transport, and exposure was obtained from this file for many chemicals of concern. Another
source of information for physical and chemical properties of contaminants is The Multimedia
Exposure Assessment Manual (MEPAS); a U.S. Department of Energy publication used to
accompany their computerized risk assessment model (USDOE, 1989).

References used to compile each toxicological profile are organized "by chemical" at the
conclusion of all profiles, with the exception of the general references (i.e., IRIS 1994, HEAST
1993, HSDB 1993, and MEPAS, 1989). These general resources are listed first in the reference
section.
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L. 1 ALUMINUM

I. Use and Occurrence

Aluminum is a metallic element that is a major constituent of the earth's crust typically

in the +3 oxidation state, but does not exist naturally in the elemental form (USEPA,
1987). It is used in construction and consumer products, and its compounds are used as

constituents in paint, and as coagulants in industrial processes. It is also used in food
processes, cosmetics, and therapeutics. Aluminum commonly combines with oxygen,

fluorine, and silicon to forma a variety of compounds (USEPA, 1987).

II. Physical and Chemical Properties of Aluminum

Molecular Weight 26.98

Water Solubility, mg/l 0.0E+00

Bioaccumulation Factor for Fish 1.OE+01

Bioaccumulation Factor for Shellfish 6.3E+01

Source: Multi-Media Exposure Assessment Manual, 1989

III. Environmental Fate and Transport

Naturally occurring levels of aluminum may show considerable variability as
demonstrated by the wide range of concentrations (i.e., 700-10,000 mg/g) reported for
soils of the eastern United States (Shackelette and Boerngen, 1984). Levels of elemental
aluminum in the ambient air over the continental United States have been reported to
range from 0.14-8.0 mg/m3 (USEPA, 1985). Combustion emissions of aluminum consist
primarily of aluminum oxide particles which are removed by settling, and precipitation
washout (USEPA, 1987). The level of aluminum in natural waters varies geographically.

In waters where the pH is less than 5.0, as with industrial wastes, mine runoff, acidic
spring waters, mires and volcanic areas, the aluminum level can exceed 100 mg/1

(USEPA, 1987). With more alkaline Ph levels, the solubility of aluminum decreases.

0
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IV. Routes of Exposure, Distribution, Absorption, Transport and Degradation

There are significant differences in gastrointestinal absorption and bioavailability of

aluminum, depending on its speciation (USEPA, 1992). There are sufficient data to

demonstrate that aluminum is absorbed from the gastrointestinal tract, but bioavailability
and mechanisms of absorption are not known (Wilhelm et al., 1990). The amount of
aluminum that is absorbed is dependent on the chemical form, Ph of the intestine,
concentration of aluminum, and dietary factors. Yokel and McNamara (1988)
administered single doses of 8 inorganic and organic aluminum compounds to rabbits.

The compounds tested, in order of increasing absorption were aluminum borate, aluminum
glycinate, aluminum hydroxide, aluminum chloride, sucralfate, aluminum lactate,

aluminum nitrate, and aluminum citrate. Absorption ranged from 0.27 to 2.18%. A
higher percent was absorbed from a large dose of aluminum than from a lower dose (van
der Voet and de Wolff, 1986). Dietary factors such as phosphate, citrate, and fluoride
with which aluminum can form complexes also influence absorption.

Aluminum accumulates in the lungs of exposed humans and contains relatively high
levels compared to other tissues (USEPA, 1987). Studies have not conclusively

determined whether aluminum is absorbed across the pulmonary lining since they failed
Sto measure blood aluminum levels.

V. Acute Toxicity

Intraperitoneal injections and oral dosing of rats with high doses of aluminum hydroxide,
aluminum chloride and aluminum sulfate caused lethargy, anorexia, and in several cases,
death (Carson et al., 1986). Particles of aluminum metal deposited in the eye may cause

necrosis (tissue destruction) of the cornea (Sittig, 1985). Salts of aluminum may cause
dermatoses (skin disorders), eczema, conjunctivitis (eye irritation), and irritation of the

mucosa membranes of the upper respiratory system (Sittig, 1985). Data suggest that
pneumoconiosis (lung disease) might also be a possible outcome. In the majority of cases

of pulmonary effects investigated, however, past exposures were to very high
concentrations not limited to aluminum dust alone, but to a mixture of aluminum, silica
fume, iron dusts, and other pulmonary irritating materials (Sittig, 1985). In general,
aluminum is considered to possess low acute toxicity for the normal individual following

oral exposure (USEPA, 1985). Oral LD50s in several animal species ranged from 380 to

780 mg/kg (USEPA, 1985).
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VI. Chronic Toxicity

The greatest health concern regarding chronic exposure to aluminum is its neurological

effects. The first evidence for aluminum induced neurotoxicity in humans was

demonstrated by Alfrey et al (1972) who discovered that patients receiving long term

hemodialysis for chronic renal failure developed a degenerative neurological syndrome

(Dialysis Dementia). This disease was attributed to the presence of aluminum in the

dialysate. Aluminum has also been implicated as a contributing cause of other chronic

diseases including Amyotrophic Lateral sclerosis (ALS), Parkinson's Disease (PD) and
Alzheimer's Disease (AD). However, the link between AD and aluminum exposure is

currently being disputed. Animals given intracerebral injections of aluminum phosphate

or powder display a progressive encephalopathy (brain degeneration) and neurofibrillary
tangles that are rich in aluminum and histologically resemble those changes observed in

persons with Alzheimers disease (Goyer, 1986). Also, high brain aluminum levels have

been associated with encephalopathy in elderly and in Alzheimers patients (USEPA,
1987). However, this interaction is not resolved since it is not known whether aluminum
in the neurofibrillary tangles are a direct cause or an effect, and also, why certain
individuals are more susceptible to a ubiquitous metal has not been adequately addressed

(Goyer, 1986).

A second target organ for aluminum in both humans and laboratory animals is bone.

Several studies have shown that aluminum exposure may cause osteomalacia, a condition
characterized by low bone formation. In addition to the direct deposition of aluminum
is the bone tissue, aluminum may induce osteomalacia by forming insoluble complexes

with phosphates in the GI tract. These complexes are no easily absorbed and long term

exposure to aluminum may result in hypophosphatemia which intern leads to

hypercalciuria and bone resorption. The decreased phosphate absorption may also affect

other physiological systems involving phosphorylation (USEPA, 1992).

Aluminum has also been shown to produce adverse hematological effects by causing a
decrease in heme synthesis by interfering with iron metabolism or the biosynthesis of

protoporphyrin (USEPA, 1992).

Animal studies have indicated a symptomatic pattern typical of nuisance particulate of

bronchopneumonia, edema, emphysema, and/or severe fibrosis from inhalation of
powdered aluminum (Proctor et al., 1988). Chronic use of large oral doses of aluminum

(i.e., antacids) in humans reduces phosphate levels and leads to phosphate depletion in the
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long term (WHO, 1984; Proctor et al., 1988). A chronic feeding study of rats fed

aluminum phosphide-fumigated chow with an average concentration of 0.51 mg
phosphide/kg for a 2-year period produced no differences between control and treated
animals (USEPA, 1989a). Administration of elemental aluminum to rats at the rate of
2.5 mg/kg body weight per day over a six-month period resulted in minimal systematic
toxicity (WHO, 1984).

VII. Mutagenicity, Carcinogenicity and Teratogenicity

Mutagenicity

Elemental aluminum was not mutagenic in the Ames assay using Salmonella typhimurium
(strains TA98, TA1535, and TA1538) (USEPA, 1987). Aluminum chloride produced
negative results in a DNA damage/repair assay using Bacillus subtillus, but it did produce
chromatid breaks and gaps in mouse bone marrow cells in vitro (USEPA, 1987).

Carcinogenicity

Pertinent data could not be located regarding the carcinogenicity of elemental aluminum
following oral exposure (USEPA, 1987). Occupational exposure (i.e., inhalation) to
aluminum has not been associated with pulmonary or systemic neoplastic alterations in
humans (USEPA, 1987).

Several animal studies have been conducted evaluating the carcinogenicity of aluminum
compounds. Aluminum potassium sulfate administered in the drinking water of rats and
mice at concentrations of 5 mg/I (free base weight) for life resulted in a significant
increase in total tumors (all sites; unspecified) in male rats, while female mice
experienced a significantly increased incidence of lymphoma leukemia (USEPA, 1987).
In an inhalation study, granulomas developed in the lungs of rats and guinea pigs that
were exposed to 2.5 mg/m 3 aluminum chlorohydrate, 6 hours/day, 5 days/week for 12
months or 25 mg/m 3 for 6 months (USEPA, 1987). These responses cannot be attributed
solely to aluminum because the actual structure of aluminum chlorohydrate is not known
but is thought to be a complex aluminum chlorohydrate and propylene glycol, which may
have been a contributing factor (USEPA, 1987). Based on limited evidence of
carcinogenic activity in animals, the EPA has categorized aluminum as a possible human
carcinogen (Group C) (USEPA, 1937).
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Teratogenicity (and other reproductive effects)

Oral administration of aluminum chloride in drinking water to rats revealed no effects on
reproductive capacity. Endpoints evaluated in the study included pregnancy rate, the
number of implantation sites, corpora lutea and resorption sites, and the number of live
and dead implants (USEPA, 1987). No evidence of fetal malformations has been
observed in animals following oral exposure (USEPA, 1985). In another study, decreased
spermatozoa counts and sperm motility occurred in rats fed 2.5 mg/kg/day of aluminum
chloride for six months (USEPA, 1987). These effects were not observed at lower doses.
Histological and histochemical alterations in the testes were also observed, however,
aspects of this study are considered inadequate (USEPA, 1987). Low birth weights were

observed in pregnant rats fed tap water mixed with Maalox (an antacid therapeutic) in a
1:4 ratio. However, water intake and aluminum intake were not measured. Body weights
of pups cross-fostered from nonexposed females recovered. Reproductive data related to

the inhalation of aluminum could not be found in the available literature (USEPA, 1987).

VIII. EPA Carcinogenic Classification and Dose-Response Parameters

The EPA has not a carcinogenic classification for aluminum, due to the fact that definitive
conclusions can not be drawn from the available data.

EPA Dose-Response Parameters:

An interim Rfd has ben issued for aluminum by the USEPA's Environmental Criteria and

Assessment Office. The RfD is based on a study conducted by Donald et al. (1989), who
identified an LOAEL of 100 mg/kg/day for minimal neurotoxicity in the offspring of mice
exposed to aluminum lactate in the diet during gestation and lactation. Application of an
uncertainty factor of 100 (3 for use of a minimal LOAEL, 10 for interspecies

extrapolation, and 3 to protect sensitive individuals) results in a provisional Rfd of 1
mg/kg/day. Medium confidence is placed in the critical study. It identified a LOAEL
for a sensitive effect, however, a small sample size was used. Confidence in the database
is medium. It should be noted that large differences (>10 fold) in the bioavailability of
aluminum exist. The aluminum form must be considered when using this RfD.
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L.2 ANTIMONY

I. Occurrence and Use

Antimony (Sb) is a naturally occurring metal found in a tri- or pentavalent state.
Antimony is frequently associated with sulfide and sulfide ores (Carson et al., 1986).
Antimony and compounds are primarily used in the production of lead, copper and other

metal alloys, as well as commercially in fireproofing textiles, ceramics, glassware,

pigments, and in antiparasitic drugs (Carson et al., 1986). Antimony is a common

industrial air pollutant, but the general public is largely exposed to antimony from food

(Goyer, 1986).

Soil antimony concentrations typically range from 0.1 to 10 mg/kg (dry weight) (Elinder

and Friberg, 1986). Air concentrations in the Chicago area have ranged between 1.4 to
55 ng/m3, with a mean of 32 ng/m3.

II. Physical and Chemical Properties of Antimony

Molecular Weight 122.00

Water Solubility, mg/I O.0E+00

Bioaccumulation Factor for Fish 1.OE+00

Bioaccumulation Factor for Shellfish L.OE+01

Sources: Multi-Media Exposure Assessment Manual, 1989

Ill. Environmental Fate and Transport

Various forms of antimony found in the environment from natural and anthropogenic
sources undergo a complex cycle of chemical interconversion and transfer between media.
antimony in water may undergo either oxidation or reduction, depending on Ph and other
ions present. Soluble forms of Sb (e.g., antimony potassium oxalate and antimony

potassium tartrate) tend to by quite mobile in water, while less soluble species adsorb to
clay or soil particles (Callahan et al., 1979).

T O O /04 15 0 8/18/94 10 :05 am ap Re cyc w Papal

L-8



Antimony in gaseous, vapor and particulate forms enters the atmosphere and is
transported via air until it undergoes atmospheric fallout or washout and is deposited in

oceans, estuaries, lakes, rivers, sediments and terrestrial systems. Antimony may enter

the food chain via root uptake by terrestrial plants and via bioaccumulation in fish- and
plant-eating mammals. Antimony deposited in sediment can also be released to the

atmosphere through microbial activity under anaerobic conditions. Antimony may leach
from municipal landfills, sewage sludge, oil-fired plant incinerator ash and fertilizers to
contaminate ground water, surface water and sediment (Callahan et al., 1979).

IV. Routes of Exposure, Distribution, Absorption, Transport and Degradation

According to U.S. EPA (1980), multimedia antimony exposures are essentially negligible

by comparison to occupational exposures at which discrete clinical health effects have

been observed. Myocardial effects are among the best-characterized human health effects

associated with antimony exposure.
Quantitative estimates on the efficiency of pulmonary absorption of antimony are not
available, but Elinder and Friberg (1986) state that trivalent antimony is absorbed from
the lungs to a large extent. Absorption from the gastrointestinal (GI) trace is slow and
it has been reported that at least 15 percent of a single oral dose of antimony potassium
tartrate was absorbed by mice (Waitz et al., 1965). Once absorbed, the highest
concentrations are found in the thyroid, adrenals, liver, heart and kidneys (Carson et al.,

1986). Elimination of antimony is somewhat rapid depending on route and valence state

but occurs via both feces and urine. The typical human daily intake of antimony, from
all sources ranges between 10 and 1250 pg (Elinder and Friberg, 1986).

V. Acute Toxicity

The primary effect of acute antimony exposure is direct irritation of tissues (Sittig, 1985).
Acute inhalation exposures elicited an irritative effect on the upper respiratory tract of
workers exposed to 73 mg/m 3 antimony trichloride (Elinder and Friberg, 1986) Exposes
to high levels of antimony fumes are capable of producing GI effects of abdominal
cramps, diarrhea, and vomiting (Carson et al., 1986). In severe cases, pulmonary edema
and even death have been seen in exposed workers. Other effects seen are rhinitis (nasal

mucous irritation) and skin irritation, which may lead to lesions in moist exposed areas
of the body (Sittig, 1985). Experimental animals administered an intravenous injection
of antimony displayed circulatory and cardiac alterations (Carson et al., 1986).
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. VI. Chronic Toxicity

Antimony tends to accumulate in the lung following inhalation exposures where chronic
respiratory tract symptoms of pharyngitis and tracheitis are seen (Goyer, 1986). If
exposures persist, these irritation systems may progress to bronchitis, pneumoconiosis,
obstructive pulmonary disease, and emphysema (Goyer, 1986). These pulmonary effects
can be observed visually as changes in chest x-rays (characterized by densely distributed
opacities (Elinder and Friberg, 1986). Chronic occupational exposures to antimony
trioxide have been associated with heart disease with occasional fatalities (Carson et al.,
1986). Pustular skin eruptions ("antimony spots") in exposed workers are sometimes seen
in employees working with antimony compounds (Elinder and Friberg, 1986). For years
antimony was used in anti-parasitic therapy (principally for schistosomiasis) where some
of the above side effects were noted as well as elevation of liver enzymes (GOT and
GPOT) in some patients at the early stages of therapy (Elinder and Friberg, 1986).

VII. Mutagenicity, Carcinogenicity and Teratogenicity

Mutagenicity

Several antimony compounds were found to be mutagenic in Bacillus subtillus (Carson
et al., 1986). Increased chromosomal defects were observed in human lymphocytes and
Syrian hamster embryo cells incubated in antimony compounds (Paton and Allison, 1975;
Casto et al., 1979).

Carcinogenicity

There is very little data on possible human carcinogenicity of antimony compounds. The
American Conference of Governmental Industrial Hygienists (ACGIH) concluded in 1983
that antimony oxide should be regarded as a suspected carcinogen based on unpublished
data obtained from a large antimony smelter in the U.K. which showed an increased
incidence of mortality from lung cancer in heavily exposed workers (ACGIH, 1983).
However, Elinder and Friberg (1986) state that in this study other chemical exposures
occurred which make interpretation of this data from the U.K. difficult. In addition, a
high frequency of lung neoplasias was observed in rats exposed to airborne antimony at
a concentration of 4.2 mg/m3 (Watt, 1983), while oral dosing of rats has not produced any
excess of tumors (Goyer, 1986). Antimony has not been evaluated by the EPA for
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carcinogenicity, therefore a carcinogenic classification has not been determined (USEPA,

1989a).

Teratogenicity (and other reproductive effects)

A 1967 Russian study reported an 8 percent increase of spontaneous late abortions in
female antimony smelter workers compared to an unexposed population control (Carson
et al., 1986). Infant weights from exposed mothers were not birth differential but were
significantly lower when measured at one year. Other studies have reported a slight
increase in premature deliveries for female antimony workers exposed during pregnancy

(Carson et al., 1986). Experimental animals have experienced uterine and ovarian
disorders when exposed to antimony, but no cases of fetal malformation have been

reported in pregnant rats exposed to 125 or 250 mg/kg antimony (route unknown) (Carson
et al., 1986).

VIII. EPA Carcinogenic Classification and Dose-Response Parameters

The following dose-response parameters and discussions were extracted from IRIS, 1994.

EPA Carcinogenic Classification:

The EPA has not classified Antimony in terms of carcinogenicity, and no cancer dose-
response parameters have been derived.

Dose Response Parameters (IRIS, 1994):

Carcinogenic Effects: No data

Noncarcinogenic Effects:

ORAL RFD SUMMARY:

RfD: 4E-04 mg/kg/day

STUDY USED TO DERIVE RfD:
Shroeder, H.A., M. Mitchner and A.P. Nasor. 1970. Zirconium, niobium, antimony,
vanadium and lead in rats: Life term studies. J. Nutrition. 100:59-66.
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ORAL RFD UNCERTAINTY:

UF = 1000. An uncertainty factor of 1000 (10 for interspecies conversion, 10 to protect

sensitive individuals, and 10 because the effect level was a LOAEL and no NOEL was

established) was applied to the LOAEL of 0.35 mg/kg bw/day.

ORAL RFD MODIFYING FACTOR:
MF=I1.

ORAL RFD CONFIDENCE:

Study: Low
Data Base: Low

RfD: Low

Confidence in the chosen study is rated as low because only one species was used, only
one dose level was used, no NOEL was determined, and gross pathology and
histopathology were not well described. Confidence in the data base is low due to lack

of adequate oral exposure investigations. Low

confidence in the RfD follows.
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L.3 ARSENIC

I. Occurrence and Use

Arsenic is a component of manufactured metal alloys, electrical devices, glass, wood

preservatives, agricultural chemicals, and is also used as a therapeutic agent. The element
is distributed widely in natural soils; typical concentrations is U.S. soils have been found
to be between >1 and about 30 mg/kg (Kabata-Pendias and Pendias, 1987). Most arsenic
releases to the environment occur as byproducts of metal smelting and refining activities.

II. Physical and Chemical Properties of Arsenic

Molecular Weight 75.00'

Water Solubility, mg/I 0.OE+002

Vapor Pressure, mm HG 0.OE+00 3

Bioaccumulation Factor for Fish 1.OE+004

Bioaccumulation Factor for Shellfish 4.OE+005

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3EPA, 1981
4Spehar et al., 1980
5Strenge et al., 1986

III. Environmental Fate and Transport

In the natural environment arsenic has four different oxidation states;chemical speciation
is important in determining arsenic's distribution and mobility. Interconversions of the
+3 and +5 states as will as organic complexation do occur and can be mediated by

microorganisms. Arsenic is generally quite mobile in the environment and is mainly
transported by water (WHOO, 1981). In oxygenated water, arsenic usually occurs as

arsenate, but under reducing conditions (i.e., deep will waters) arsenite predominates. In

the aquatic environment, volatilization is important when biological activity or highly
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reducing conditions produce arsine of methyl-arsenics. Sedimentation of arsenic in
association with iron and aluminum does occur frequently (SHO, 1981).

Significant sources of As in soils are related to industrial activities such as metal
processing, coal combustion, geothermal power production, and to the use of arsenical
herbicides. The reactions of As in soils are highly governed by its oxidized state.
However, arsenate ions are known to be readily fixed by such soil components as clays,
phosphatic gels, humus, and calcium, and the most active in As retention are hydrated Fe
and Al oxides. In oxygenated soil, inorganic arsenic is prevalent in the pentavalent (+5)
form. Under reducing conditions, the trivalent form predominated (WHO, 1981).
Hydroxy-A1 on the external surfaces of micaceous minerals is reported to be especially
significant in the retention of As. The mobility of As in soil was shown to be
proportional to the As added and inversely proportional to time and to Fe and Al contents.
The toxicity of As depends on the concentration of soluble As, therefore, sodium arsenate
and arsenic trioxide, formerly used as herbicides, are the most toxic (Kabata-Pendias and
Pendias, 1987).

IV. Routes of Exposure, Distribution, Absorption, Transport,
and Degradation

Arsenic is readily absorbed via the oral and inhalation routes. Both inorganic and organic

forms of arsenic are readily absorbed from the gastrointestinal tract with the more soluble
forms being more readily absorbed than the insoluble forms (USEPA, 1984).
Approximately 95 percent of soluble inorganic arsenic administered to rats is absorbed
from the gastrointestinal tract (Coulson et al., 1935; Ray-Bettley and O'Shea, 1975). The
USEPA (1984) assumes that, on the average, 70-80 percent of arsenic is absorbed in the
respiratory tract. Dermal absorption is not significant (USEPA, 1984).

V. Acute Toxicity

Acute exposure of humans to high levels (71 mg/kg) of metalloid arsenic has been
associated with gastrointestinal effects, hemolysis, and neuropathy.
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VI. Chronic Toxicity

Chronic exposure of humans to arsenic can produce toxic effects on both the peripheral

and central nervous systems, keratosis, hyperpigmentation, precancerous dermal lesions

and cardiovascular damage (USEPA, 1984).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Current existing evidence suggests that arsenic is mutagenic. Although bioassays of
laboratory animals have not as yet revealed an ability to arsenic to cause chromosome

aberrations, some studies suggest that humans exposed to arsenic exhibit elevated

frequencies of sister chromatid exchanges and chromosome aberrations. Arsenic may be
substituted for phosphorus in the DNA backbone, and may inhibit DNA repair
mechanisms (ATSDR, 1989)

Carcinogenicity:

Arsenic is a known human carcinogen. Epidemiological studies of workers in smelters

and in plants manufacturing arsenical pesticides have shown that inhalation of arsenic is
strongly associated with lung cancer and perhaps with hepatic angiosarcoma (USEPA,
1984). Ingestion of arsenic has been linked to a form of skin cancer and more recently

to bladder, liver and lung cancers (Tseng et al., 1968; Chen et al., 1986).

Teratogenicity (and other reproductive effects):

Arsenic is embryotoxic, fetotoxic, and teratogenic in several animal species (USEPA,
1984).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

The following dose-response parameters and discussions were extracted from IRIS, 1994.

EPA Carcinogenic Classification:
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Arsenic is classified as a known human carcinogen (Group A). This classification is

based on observation of increased lung cancer mortality in populations exposed primarily
through inhalation and on increased skin cancer incidence in several populations

consuming drinking water with high arsenic concentrations.

Dose-Response Parameters (IRIS, 1994):

Carcinogenic Effects:

INHALATION UNIT RISK: 4.3E-3/pg/cu.m

INGESTION UNIT RISK: 1.75 mg/kg/day

Noncarcinogenic Effects:

ORAL RFD SUMMARY:
RfD: 3E-4 mg/kg/day

Critical effect: keratosis, hyperpigmentation, and possible vascular complications.

NOTE:There was not a clear consensus among Agency scientists on the oral RfD.
Applying the Agency's RfD methodology, strong scientific arguments can be made for
various values within a factor of 2 or 3 of the currently recommended RfD) value, i.e., 0.1

to 0.8 pg/kg/day. It should be noted, however, that the RfD methodology, by definition,
yields a number with inherent uncertainty spanning perhaps an order of magnitude. New

data that possibly impact on the recommended RfD for arsenic will be evaluated by the
Work Group as it becomes available. Risk managers should recognize the considerable

flexibility afforded them in formulating regulatory decisions when uncertainty and lack

of clear consensus are taken into account.

Conversion Factors: NOAEL was based on an arithmetic mean of 0.009 mg/L in a range
of arsenic concentration of 0.001 to 0.017 mg/L. This NOAEL also included estimation

of arsenic from food. Since experimental data were missing, arsenic concentrations in
sweet potatoes and rice were estimated as 0.002 mg/day. Other assumptions included

consumption of 4.5 L water/day and 55 kg bw (Abernathy et al., 1989). NOAEL =
[(0.009 mg/L x 4.5 L/day) + 0.002 mg/day] / 55 kg = 0.0008 mg/kg/day. The LOAEL

dose was estimated using the same assumptions as the NOAEL starting with an arithmetic
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mean water concentration from Tseng (1977) of 0.17 mg/L. LOAEL = [(0.17 mg/L x 4.5
L/day) + 0.002 mg/day] / 55 kg = 0.014 mg/kg/day.

ORAL RFD UNCERTAINTY:

UF = 3. The UF of 3 is to account for both the lack of data to preclude reproductive
toxicity as a critical effect and to account for some uncertainty in whether the NOAEL
of the critical study accounts for all sensitive individuals.

ORAL RFD MODIFYING FACTOR:

MF = 1.

ORAL RFD CONFIDENCE:

Study: Medium

Data Base: Medium

RfD: Medium

Confidence in the chosen study is considered medium. An extremely large number of
people were included in the assessment (>40,000) but the doses were not well-character-

ized and other contaminants were present. The supporting human toxicity data base is
extensive but somewhat flawed. Problems exist with all of the epidemiological studies.
For example, the Tseng studies do not look at potential exposure from food or other
source. A similar criticism can be made of the Cebrian et al. (1983) study. The U.S.
studies are too small in number to resolve several issues. However, the data base does
support the choice of NOAEL. It garners medium confidence. Medium confidence in

the RfD follows.
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L.4 BARIUM

I. Occurrence and Use

Barium is a relatively abundant naturally occurring metallic element which constitutes
about 0.04% of the earth's crust, with the greatest occurrence in rock formations.
Naturally occurring concentrations in soils may vary considerably, as indicated by one
report of a 10-1500 ppm range in background concentrations. Barium releases to the
environment occur as the result of many anthropogenic activities, such as drilling for oil
and gas, and the burning of fossil fuels. Barium is also used in the manufacture of fillers
for automotive paints, and specialty compounds used in bricks, tiles and jet fuels
(ATSDR, 1989). which accumulates in plants and animals.

II. Physical and Chemical Properties of Barium

Molecular Weight 137.00'

Water Solubility, mg/I 0.OE+002

Bioaccumulation Factor for Fish 4.OE+00 3

Bioaccumulation Factor for Shellfish 2.OE-01 4

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3Napier et al., 1980
4Guthrie et al., 1979

II. Environmental Fate and Transport

Barium is emitted into the atmosphere mainly by the industrial processes involved in
mining, refining, and production of barium and barium based chemicals and as a result
of combustion of coal and oil (HSDB, 1992).

Current evidence suggests that barium has the ability to accumulate in both plants and
animals. Barium has been found in essentially all biological materials assayed. Marine
animals have been reported to concentrate the element 7-100 times, and marine plants up
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to 1000 times the concentration in seawater in which they grow. Barium content of

edible crops has been reported to range from 10 pg/g detected in wheat and corn to 3-4
mg/g detected in brazil nuts. Typical barium concentrations in milk have been reported
to be 45-136 tig/g, in wheat flour 1,300 pg/g, and in oatmeal 2,320-8290 jig/g (ATSDR,

1989).

IV. Routes of Exposure, Distribution, Absorption, Transport, and Degradation

Soluble compounds of barium are known to be gastrointestinally absorbed in the human

body, and their toxicities are correlated with their solubility. The highest concentration
of normal levels of barium in the human body accumulate in the skeleton (2 Rig/g; 90%

of the total barium body burden), with lesser amounts accumulating in other organs such

as the eye, lungs, connective tissue, skin, and adipose tissue. Mean concentrations have

been reported to be in the range of 0.10 ppm in the kidneys; 0.08 ppm in the spleen; 0.05
ppm in muscle, including cardiac muscle tissues; 0.05 ppm in the brain; and 0.03 ppm
in the liver (HSDB, 1992).

V. Acute Toxicity

Initial symptoms of barium poisoning are gastrointestinal disorders, including nausea,
vomiting, colic, and diarrhea, followed by myocardial (heart muscle) stimulation and

general muscular stimulation with tingling in the extremities. Severe cases progress to
a loss of tendon reflexes, general muscular paralysis, and death from respiratory arrest or
ventricular fibrillation (irregular heartbeat). (Proctor et al., 1988). The barium ion is a

physical antagonist of potassium in vivo, and symptoms of barium poisoning are

attributable to hypokalemia (lack of potassium in the blood). The effect is probably due
to a transfer of potassium from extracellular to intracellular compartments rather than to
urinary or gastrointestinal losses.

VI. Chronic Toxicity

Studies attempting to demonstrate a link between consumption of barium-contaminated
drinking water and the incidence of hypertension are inconclusive (ATSDR, 1989). No
other chronic effects have been reported.

VII. Mutagenicity, Carcinogenicity, and Teratogenicity
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Mutagenicity:

Inadequate studies exist to evaluate the potential mutagenic effects of barium. (USEPA,

1985; Klaassen et al., 1986).

Carcinogenicity:

Current evidence suggests that barium is not a carcinogen. Statistically significant

increases in total tumors are reported to be absent (ATSDR, 1989).

Teratogenicity:

Inadequate studies exist to evaluate the potential teratogenic/reproductive effects of

barium. (USEPA, 1985; Klaassen et al., 1986).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification (IRIS, 1994):

Barium is classified as a member of Group D (not classifiable as to human

carcinogenicity), based on perceived inadequacy of data derived from animal studies.

EPA Dose-Response Parameters:

Carcinogenic Effects:

No carcinogenic dose-response parameters have been promulgated for barium.

Noncarcinogenic Effects (IRIS, 1994):

ORAL RFD SUMMARY:
RfD: 0.07 mg/kg/day

Critical effect: Increased blood pressure

0
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ORAL RFD UNCERTAINTY:

UF = 3. According to U.S. EPA guidelines, an uncertainty factor of 10 is applied when

a NOAEL from a subchronic human study is employed. However, data are available
from chronic human studies which support this NOAEL, as well as

several oral chronic animal studies. Therefore, this UF is not considered necessary. In

addition, another factor of 10 is used with a human study to protect sensitive individuals.
However, the data base supports the finding that the critical effect is hypertension which
results from long exposure durations, and that the population most at risk is the adult
male. Furthermore, the chosen study is a careful observation of this critical effect in adult
males. Because of both the critical study's unique focus and the
supporting studies, a 3-fold UF, instead of a 10-fold UF, was chosen as most appropriate

to protect for sensitive individuals within that population.

ORAL RFD MODIFYING FACTOR:

MF = 1.

ORAL RFD CONFIDENCE:
Study: Medium
Data Base: Medium
RfD: Medium

As previously stated, EPA does not believe that any single study, considered alone, is
adequate to calculate an RfD for barium. However, EPA believes that medium
confidence can be placed in the total data base used to determine the RfD.
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. L.5 BERYLLIUM

1. Use and Occurrence:

The primary source of beryllium is the open-pit mining of bertrandite ore, which is

processed into beryllium hydroxide, and further processed into beryllium metal, alloys and

oxide. Beryllium alloys and metal have a wide variety of applications in electrical

components, tools, structural components for aircraft, missiles, and satellites, and other

metal-fabricating uses (ATSDR, 1988). Natural levels of beryllium in soil range from

approximately 0.6 mg/kg to 3.5 mg/kg (Kabata-Pendias and Pendias, 1984).

II. Physical and Chemical Properties of Beryllium

Molecular Weight 9.01

Water Solubility, mg/I O.OE+00 2

Vapor Pressure, mm Hg 0.OE+003

Bioaccumulation Factor for Fish 1.9E+01 4

Bioaccumulation Factor for Shellfish 1.OE+015

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3USEPA, 1981
4USEPA, 1980
5Napier et al., 1980

III. Fate and Transport:

Although beryllium is a naturally occurring substance, the major source of its emission

to the environment is the combustion of coal and fuel oil, which releases particulates and

fly ash containing beryllium into the atmosphere. Beryllium released to the atmosphere

from coal combustion is likely to be in the form of beryllium oxide. Atmospheric

beryllium particulates will eventually settle to the earth's surface by dry deposition or

may be removed from the atmosphere by wet deposition (i.e., rainfall). Upon reaching
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soil and sediment, beryllium will probably be retained in an insoluble form and be
generally immobile (ATSDR, 1988).

IV. Routes of Exposure, Absorption, Distribution, Transport,

and Degradation:

The principle routes of human exposure are inhalation, and ingestion of Be salts.
Transport of this metal through human tissue is accomplished via the bloodstream.
Occupational exposure to beryllium results in high levels in the lungs and bone and lower

levels in the liver and kidney (Tepper et al., 1961; Meehan and Smyth, 1967).

Respiratory toxicity is the main effect of inhalation exposure to beryllium.

V. Acute Toxicity:

Acute inhalation exposure (at levels of 28 ptg/kg lung tissue dry weight) has been found

to result in acute chemical pneumonitis (EPA, 1987, Health Effects Document for

Beryllium, EPA/600/8-84/026F). Dermal exposure to soluble beryllium compounds can

cause contact dermatitis (EPA, 1980 as cited in EPA, 1987). Skin contact may also result
in a delayed allergic reaction, which is characterized by large skin lesions that may not

easily heal.

VI. Chronic Toxicity:

Chronic beryllium pneumonitis (berylliosis) is characterized by the development of

granulomatous lesions of the lung. Inhalation of beryllium causes inflammation of the

entire respiratory tract and berylliosis (chronic lung disease), which may occur several

months or even years after exposure (EPA, 1987 same as above).

VII. Mutagenicity, Carcinogenicity and Teratogenicity:

Mutagenicity:

The mutagenicity of various beryllium compounds is not clear; a positive or negative

response depends on the type of bacterial strain and the type of assay system that is used.

Beryllium sulfate was generally negative in Ames assays, but induced chromosome

aberrations and sister chromatid exchanges in mammalian systems (ATSDR, 1988).
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Carcinogenicity:

Beryllium is carcinogenic via inhalation and intratracheal routes in experimental animals

resulting primarily in lung and/or bone tumors (EPA, 1986 as cited in EPA, 1987).

Several epidemiological studies have suggested that occupational exposure to beryllium

may result in an increased risk of lung cancer although the data are inconclusive (EPA,
1987).

Human epidemiological studies indicate a possible relationship between inhalation of

beryllium and the incidence of lung cancer in exposed workers. Animal studies have

demonstrated the induction of tumors by a variety of beryllium compounds. An increase
in lung cancer was observed in rats following both chronic oral and inhaled dosages of

Be, with inhalation being the more dangerous route of exposure (i.e. producing a higher
incidence of cancer at lower concentrations). Bone cancer has been induced in rabbits
and mice following chronic intravenous injection of various Be salts (IRIS, 1994).

Teratogenicity:

No data available on the teratogenicity of this chemical.

VIII. EPA Carcinogenic Classification and Dose-Response

Parameters:

EPA Carcinogenic Classification:

EPA (1994) has classified beryllium as a group B2 Agent - Probable Human Carcinogen

based on sufficient evidence of carcinogenicity in animals but inadequate evidence of

carcinogenicity in humans.

Dose-Response Parameters (IRIS, 1994):

Carcinogenic effects:

CANCER SLOPE FACTOR (ORAL) : 4.3 per(mg/kg)/day

DISCUSSION OF CONFIDENCE :
The estimate is derived from a study which did not show a significant increase in
tumorigenic response. While this study is limited by use of only one non-zero dose
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group, the occurrence of high mortality and unspecified type and site of the tumors, it was

used as the basis of the quantitative estimate because exposure occurred via the most
relevant route. Oral risk estimates derived by extrapolation from studies in other
species/strains for the intravenous and inhalation routes (also highly uncertain) are within

an order of magnitude.

INHALATION UNIT RISK : 2.4E-3 per (pg/cu.m)
DISCUSSION OF CONFIDENCE:

The estimate of risk for inhalation exposure was based upon an epidemiologic study

having several confounding variables. The estimates of exposure levels and duration were

also somewhat uncertain. While a quantitative assessment based on several animal studies

resulted in a similar estimate of risk (which increases the confidence somewhat), the
quality of the available studies was poor (that is, they were conducted at single dose

levels or lacked control groups).

Noncarcinogenic effects:

ORAL RFD: 5E-3 mg/kg/day
CRITICAL EFFECT/TARGET ORGAN: No adverse effects

ORAL RFD UNCERTAINTY:

UF = 100. The uncertainty factor of 100 reflects a factor of 10 each for interspecies
conversion and for the protection of sensitive human subpopulations.

ORAL RFD CONFIDENCE:
Study: Low
Data Base: Low
RfD: Low

Confidence in the study is rated as low because only one dose level was administered.
Although numerous inhalation investigations and a supporting chronic oral bioassay in

mice exist, along with the work by Cox et al. (1975) which indicates that a higher dose
level might be a NOEL, these studies are considered as low to medium quality; thus, the
data base is given a low confidence rating. The overall confidence in the RfD is low,
reflecting the need for more toxicity data by the oral route.
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. L.6 CADMIUM

I. Occurrence and Use

Cadmium (Cd) is a noncorrosive metal used in a wide variety of industrial processes, such
as electroplating and galvanizing, and is a byproduct of zinc and lead mining. It is also
used as a color pigment for paints and plastics, and cathode material for nickel-cadmium
batteries. The combustion of fossil fuels and tobacco also produce anthropogenic releases
of cadmium into the environment (HSDB, 1993).

Background Cd levels in soils should not exceed 0.5 ppm, and all higher values reflect

anthropogenic impact (Kabata-Pendias, and Pendias, 1984).

II. Physical and Chemical Properties of Cadmium

Molecular Weight 112.00'

Water Solubility, mg/l O.OE+00 2

Vapor Pressure, mm Hg O.OE+003

Bioaccumulation Factor for Fish 2.OE+02 4

Bioaccumulation Factor for Shellfish 2.OE+03 4

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3USEPA, 1981
4Napier, 1980

III. Environmental Fate and Transport

In a U.S. air sampling study, most ambient air levels of cadmium were <10 ng/m3, which
is very near the detection limit (Carson et al., 1987). Cadmium can enter surface water
due to a variety of manufacturing operations, such as electroplating and discarding of
spent electroplating solutions (HSDB, 1993). Several studies have concluded that
adsorption, rather than precipitation, control CD concentrations in soil solutions until a
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threshold pH value ( i.e., pH 7.5) is exceeded. Cd is most mobile in acidic soils within
the range of pH 4.5 to 5.5, whereas in alkaline soils, Cd is rather immobile (Kabata-
Pendias and Pendias, 1984).

IV. Routes of Exposure, Distribution, Absorption, Transport, and Degradation

Cd is an airborne workplace contaminant, but exposure is of greater concern to the
general population. It is found in food stuffs such as grains, meat, fish and fruit, in
contaminated air, water, and soil, as well as in cigarette smoke. Humans are exposed to
cadmium via inhalation and ingestion, at which time the metal can be transported through

the bloodstream to vital organs (Clayton and Clayton, 1981). In the blood, a small

molecular weight plasma protein known as metallothionien binds cadmium. The
elimination half-life of cadmium is long (16-33 yrs), but decreases under conditions of

acute exposures.

Gastrointestinal absorption of cadmium in humans ranges from 5-6% (USEPA, 1985a)
Pulmonary absorption of cadmium in humans is reported to range from 10% to 50%
(CDHS, 1986). Cadmium bioaccumulates in humans, particularly in the kidney and liver
(USEPA, 1985a,b).

V. Acute Toxicity

Acute toxic effects associated with cadmium compounds can occur in humans under
unusually intense exposure scenarios, such as intentional or accidental poisoning.

Symptoms of acute non-fatal toxicity resulting from consumption of drinks contaminated
with an estimated 16 mg/l of cadmium included nausea, vomiting, and abdominal pain.
Inhalation of cadmium fumes may result in acute chemical pneumonitis and pulmonary

edema (ATSDR, 1989).

VI. Chronic Toxicity

Chronic oral or inhalation exposure of humans to cadmium has been associated with renal
dysfunction, itai-itai disease (bone damage), hypertension, anemia, endocrine alternations,
immunosuppression, and irreversible lung damage in the form of chronic bronchitis and
emphysema (Clayton and Clayton, 1981).

0
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Progressive accumulation of Cd in soft tissues, particularly the kidney, poses a serious

human health risk. A higher incidence of kidney damage reported for certain regions of

Japan has been linked to a high intake of dietary cadmium. Renal toxicity occurs in

humans at a renal cortex concentration of cadmium of 200 about pg/g (USEPA, 1985b).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Numerous assays of cadmium's genotoxic potential have been conducted, yielding mixed

results. Bacterial gene mutation assays have been conducted using Salmonella strains,

and three of four were reported to be negative, although some positive or weak positive

responses were indicated in one study. Tests for chromosomal aberrations involving

human and other mammalian cells have also yielded mixed results. In vitro tests of

human blood lumphocytes were positive in one case, weakly positive in a second case,

and negative in two cases. Human W138 and MCR5 cells also yielded negative results.

Results were positive using chinese hamster cells, but negative using mouse mammary

carcinoma cells (ATSDR, 1989).

Carcinogenicity:

Epidemiological studies have demonstrated a strong association between inhalation

exposure to cadmium and cancers of the lungs, kidneys, and prostate (USEPA, 1985b).

In experimental animals, cadmium induces injection-site sarcomas and testicular tumors.

When administrated by inhalation, cadmium chloride is a potent pulmonary carcinogen

in rats. Cadmium is a well-documented animal teratogen (USEPA, 1985b). Several

animal studies support this data. Chronic inhalation exposure of rats to cadmium produce

lung tumors in Wistar rats, and tumors at various sites (including mammary tumors in

females) in Fischer rats (IRIS, 1994).

Teratogenicity:

Teratogenic effects of cadmium administered at high doses in bioassays is abundantly

documented, but little evidence directly addresses the question of whether lower,

environmentally realistic doses might exert such effects (ATSDR, 1989).
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VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Cadmium is classified as a probable human carcinogen (Class B1). This classification

applies to agents for which there is limited evidence of carcinogenicity in humans from
epidemiologic studies but significant evidence in animals.

This designation is based on a higher incidence of lung cancer in cadmium smelter
workers, and increased incidence of prostrate cancer in battery workers.

EPA Dose-Response Parameters (IRIS, 1994):

Carcinogenic effects:

Limited evidence from occupational epidemiologic studies of cadmium exposure is
consistent across investigators and study populations. There is sufficient evidence of
carcinogenicity in rats and mice by inhalation and intramuscular and subcutaneous
injection. Seven studies in rats and mice where in cadmium salts (acetate, sulfate,
chloride) were administered orally have shown no evidence of carcinogenic response.

There is no oral Cancer Slope Factor for cadmium.

INHALATION UNIT RISK: 1.8E-3 per (ug/cu.m)

Noncarcinogenic Effects:

ORAL RfD and SUMMARY:

5E-4 mg/kg/day (water)
1E-3 mg/kg/day (food)

CRITICAL EFFECT/TARGET ORGAN: significant proteinuria in human subjects

ORAL RFD UNCERTAINTY:
UF = 10. This uncertainty factor is used to account for intrahuman variability to the
toxicity of this chemical in the absence of specific data on sensitive individuals.
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ORAL RFD MODIFYING FACTOR:

MF = 1.

ORAL RFD CONFIDENCE:

Study: Not applicable
Data Base: High
RfD: High

INHALATION RFD SUMMARY:
A risk assessment for this substance/agent is under review by an EPA work group.
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L.7 CHROMIUM

I. Occurrence and Use

Chromium is a naturally occurring element that is found in soil and in volcanic dust and
gases. It is found in the environment in three major states: chromium (0), chromium (III),
and chromium (VI). It is only found in nature as in combined oxidation states, and not
in the zero valence state (IARC 1980). This profile focuses on the two most common

forms of the metal, chromium (III) and chromium (IV).

Chromium (III) occurs naturally in the environment. With the exception of acetate and

nitrate salts, the trivalent chromium compounds are generally insoluble in water. In most

biological systems, chromium is present in the trivalent form. It is an essential nutrient

required in trace quantities for normal glucose metabolism (Anderson 1981).

Chromium (VI) rarely occurs in nature apart from anthropogenic sources because it is
readily reduced in the presence of oxidizable organic matter. With the exception of a few
compounds, hexavalent chromium exists only as oxo species that are strong oxidizing
agents. The oxidizing potential of chromate ions depends on pH. Chromate and

dichromate compounds are the most common forms of hexavalent chrome. They are

soluble and stable in natural waters because of the low concentration of reducing matter
(EPA 1984). The ammonium and alkali metal salts of hexavalent chromium are also

generally water soluble, whereas the alkaline metal salts (eg. calcium, strontium) are less

soluble in water.

Chromium (VI) and Chromium (0) are produced by industrial processes. The metal
Chromium (0) is a steel-gray solid with a high melting point. Chromium is used mainly
for making steel and other alloys. In the form of the mineral chromite, it is used by the

refractory industry to make bricks for metallurgical furnaces. Chromium compounds
produced by the chemical industry are used for chrome plating, the manufacture of

pigments, leather tanning, wood treatment, and water treatment (ATSDR, 1989).

II. Physical and Chemical Properties of Chromium III and

Chromium VI

Molecular Weight 52.00'
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Water Solubility, mg/i 0.OE+002

Vapor Pressure, mm Hg 0.OE+003

Bioaccumulation Factor for Fish 2.OE+01 4

Bioaccumulation Factor for Shellfish 2.OE+03 4

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3USEPA, 1981
4Napier et al., 1980

III. Environmental Fate and Transport

Chromium occurs naturally in the earth's crust. Soil chromium levels were reported as
follows: 37 ppm geometric mean in the USA (Shacklette and Boerngen 1984) and 5-
3,000 ppm with 0.5 -10,000 ppm extreme limits (Dragun 1988). In soil, chromium

probably occurs as insoluble Cr (III) oxide (Cr20 3-nH 20), since the organic matter in soil
tends primarily to convert soluble chromate (chromium (VI)) to insoluble Cr203

Chromium in soil may be transported to the atmosphere in the form of aerosol, while
runoff and leaching may transport chromium from soil to surface waters and

groundwaters. Flooding of soils and the subsequent anaerobic decomposition of plant
matters may increase mobilization of chromium in soils due to formation of soluble
complexes with humic substances.

Chromium is primarily removed from the atmosphere by fallout and precipitation.

Atmospheric chromium removed by physical processes enters surface water or soil

predominantly; however, prior to their removal, chromium particles of aerodynamic
diameter (less than 20 um) may remain airborne for long periods and may be transported
long distances. In the atmosphere, chromium (VI) may be reduced to chromium (III) at
a significant rate by vanadium (V2

1, V3
1 , and VO 2+), Fe2÷ , HS0 3" and AS3÷ (EPA 1987).

Because there are no known chromium compounds that can volatilize from water,

transport of chromium from water to the atmosphere is not likely other than by transport
by windblown sea sprays. In surface waters, chromium may be transported in five forms,
as follows: 1) in solution and organic complexes, 2) adsorbed 3) precipitated and co-
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precipitated 4) in organic solids and 5) in sediments (Towill, et al., 1978). The exact

chemical forms of chromium in surface waters are not well defined. Although most of

the soluble chromium in surface water may be present as Cr (VI) (Towill, et al., 1978),
a small amount may be present as Cr (III) organic complexes (DeGroot and Allersma,
1978; Fukai, 1967). Most of the chromium (HI1) in surface water is eventually expected
to precipitate in sediments. Small amounts of chromium (III) may remain in solution as
soluble complexes. Chromium (VI) will predominantly be present in soluble form.

Chromium (VI) will eventually be reduced to chromium (III) by organic matter present

in water. The residence time of chromium in lake water was estimated to be between 4.6

to 18 years.

The oxidation of chromium (III) to chromium (VI) by solid MnO 2 in water remained

unaffected by dissolved oxygen, and the process was very slow in slightly acidic (pH 6)
and basic solutions (pH 11) because of the low solubility, the Cr(OH) 3 that is formed at

these pHs (Eary and Rai 1987). Therefore, this oxidation process would not be significant
in most natural waters where the pH range is usually between 6 and 9 because this
process is very slow in slightly acidic water. Similar oxidation of chromium (III) to

chromium (VI) in the atmosphere is unlikely (EPA 1987).

IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation

The general population is exposed to small amounts of chromium results by breathing air,
and ingesting drinking water and food containing chromium. Much higher exposure to

chromium results from working in certain chromium industries and to people who smoke

cigarettes. The two largest sources of chromium emissions in the atmosphere are from
the chemical manufacturing industry and the combustion of natural gas, oil, and coal. A
detailed list of other sources of exposure to chromium can be found in the ATSDR

Toxicologic Profile (1989).

Chromium can enter the body via oral, inhalation and dermal exposure. For the general

population, the gastrointestinal tract is the primary route of entry, although entry through
the airways can be significant near industrial sources. Following occupational exposure,
the airways and skin are the primary routes of uptake. Inhalation studies conducted using
animals indicate that 53% to about 85% of the chromium from chromium (VI)
compounds is cleared from the lungs after intratracheal injection compared to 5 to 30%

clearance of the chromium from chromium (III) compounds (Baetjer, et al., 1959, Visek,
et al., 1953, Wiegand, et al., 1984).
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0 Via the oral route, Donaldson and Barreras (1966) found that about 0.4% of the

radioactive chromium from an oral dose of a labelled compound containing chromium
(III) was absorbed and about 10.6% of the labelled compound containing chromium (VI)

were absorbed in humans. Anderson, et al., (1983) confirmed minimal (about 0.4%)

gastrointestinal absorption of dietary and supplemental chromium in humans. The
supplemental chromium was provided as a tablet containing 200 Pg chromium (III) as
chromic chloride.

In the dermal studies, using volunteers, Mali (1963) found that potassium dichromate (VI)
but not chromic (III) sulfate penetrated intact epidermis. Samitz and Shrager (1966) found
that absorption of chromic sulfate was negligible, with slightly larger amounts of

chromium (III) nitrate absorbed. The absorption of chromic (III) chloride was similar to

potassium dichromate. Randall and Gibson (1987), and Lindberg and Vesterberg (1983a),
indicate some absorption of chromium (III) and (VI) via the skin.

Following inhalation exposure to chromite (III) dust for 28 days, chromium is absorbed
and distributed in animals to the kidneys, lungs and spleen (Kamiya, et al., 1981). Once
absorbed, chromium (VI) is reduced to chromium (III) (Kitagawa, et al., 1982, Levis, et
al., 1978). During reduction of chromium (VI) in the plasma, chromium protein

complexes are formed; these complexes are excreted by the kidneys. Formation of these
complexes can be harmful if they occur at high enough levels. In addition, chromium
(VI) crosses cell membranes easily and is reduced inside cells, forming chromium protein

complexes during reduction. Once complexes with protein, chromium cannot leave the
cell. Chromium (III) crosses cell membranes less readily, does not readily bind to
intracellular protein and can diffuse out. Chromium (VI) can be reduced to chromium
(III) in vitro by gastric juice, but whether intragastric reduction occurs in vivo is not
known.

The toxicity of chromium is attributed primarily to the hexavalent form. In humans and
experimental animals, gastrointestinal absorption of inorganic salts of chromium III is low
(from 0.5% to 3%). However, organic complexes of chromium III are more readily
absorbed (approximately 10% to 25%). The spleen and kidneys of rats were shown to
have the highest concentration of chromium when chromium chloride intravenous doses

(Hopkins, 1965) or chromic chloride in drinking water (Mackenzie et al., 1958) were
administered. (EPA, 1985; Casarett and Doull, 1986).

0
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V. Acute Toxicity

A wide variety of acute effects have been observed in humans, including contact
dermatitis, skin ulcerations, kidney failure, nasal irritation, nosebleeds, respiratory
congestion, teeth erosion and discoloration, stomachaches and kidney failure. These

effects are reported to be much more severe for Chromium VI exposure than for
Chromium III exposure.

Langard and Norseth (1986) indicated that oral doses of 2-5 g of unspecified chromate

compounds (chromium (VI)) are fatal to humans. Acute poisoning symptoms included
gastrointestinal bleeding, massive fluid loss and death in some individuals following
cardiovascular shock. These effects tended to occur within 12 hr of ingestion. When

the ingested dose was reduced to less than, or equal to, 2 g, tubular renal necrosis and
diffuse liver necrosis developed and contributed to the cause of death in fatal cases. Liver
and kidney effects developed 1 to 4 days after ingestion.

Via the dermal route, patients died after antiscabies ointment containing chromium (VI)
was applied to the skin (Brieger 1920). Symptoms included necrosis at the application

site, nausea, vomiting, shock and coma. Autopsies revealed tubular necrosis and
hyperemia of the kidney. Other reviews of death after dermal exposure to chromium
compounds include Major (1922) and Fritz, et al., (1959). It is important to note that these
cases involved damaged rather than intact skin.

VI. Chronic Toxicity

Long-term oral exposure of animals to relatively low levels of chromium compounds has
not resulted in systemic toxic effects. The effects of chromium (VI) on the nasal mucosa

and lung function in humans may be the most sensitive noncancer end point for chronic
inhalation exposure to chromium (VI) compounds. Other effects observed following
chromium (VI) exposure include effects on the immune system, nervous system and liver.
Dermal exposure to both chromium (III) and chromium (VI) can result in chromium
sensitization.

In a Russian study (Kuperman 1964), 10 normal individuals were exposed to chromium
(VI) aerosols of unspecified composition at 0.0015 to 0.04 mg/m3. Concentrations of 0.01-
0.024 mg/m3 chromium (VI) sharply irritated the nose when inhaled for short periods.

The most sensitive individual responded at a concentration of 0.0025 to 0.004 mg/m3
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chromium (VI). It was not known if this was a reaction to chromium (VI) or to the

acidity of the aerosol. Many cases of nasal mucosal injury (inflamed mucosa, ulcerated
or perforated septum) in workers exposed to Cr0 3 have been reported (Bloomfield and
Blum 1928, Gresh 1944, Zvaifler 1944, Klienfeld and Russo 1965, Vigliani and Zurlo 1955).
Effects occurred at chromium (VI) concentrations ranging from 0.06 to 0.72 mg/m3. The

length of exposure to these cases was highly variable. Cohen and Kramkowski (1973) and
Cohen, et al., (1974) found that 12/37 workers employed by a chrome-plating plant
developed nasal ulceration or perforation within 1 year of being employed. Airborne

chromium (VI) concentrations ranged from less than 0.71 to 9.12 jig/mr. Other reported
cases of nasal and lung effects due to chromium exposure are (Hanslian, et al., 1967,
Markel and Lucas 1973 and Lindberg and Hedenstierna 1983).

Other respiratory effects have been reported in workers exposed to chromium compounds.

Alwen and Jonas (1938), Fischer-Wasels (1938), Koelsch (1938), Lehmann (1932), Mancuso
(1951) reported that workers exposed chronically to chromate (VI) dust resulted in chronic
irritation of the respiratory tract, congestion and hyperemia, chronic rhinitis, congestion
of the larynx, polyps of the upper respiratory tract, chronic inflammation of the lungs,
emphysema, tracheitis, chronic bronchitis, chronic pharyngitis, and perivascular lung
markings, enlargement of hilar region lymph nodes and adhesions of the diaphragm.

Although immune effects have not been reported in humans following exposure to
chromium compounds, immune effects have been reported in animals. Inhalation
exposure to chromium (VI) and chromium (III) compounds at concentrations of 0.2 - 0.9
mg/m3 resulted in depression of some indices of immune system function in animals,
whereas chromium (VI) at concentrations of less than 0.1 mg/m3 chromium resulted in
stimulation. For a review, see Steven, et al., (1976), Camner, et al., (1974) and Waters,

et al., (1975).

Sensitization can occur after exposure of humans and guinea pigs to chromium via the
dermal route (Maloof 1955, Milner 1980, Avnstorp and Menne 1982, Husain 1977, Gross,
et al., 1968, Schwartz-Speck and Grundsman 1972, Jansen and Berrens 1968, Siegenthaler,
et al., 1983). Although reactions to chromium (VI) are more common, reactions to
chromium (III) can also occur. Inhalation exposure of workers to chromium compounds
may also result in sensitization (Moller, et al., 1986). Because the development of
hypersensitivity is highly variable between individuals, it is not possible to develop a

generalizable dose-response relationship for this effect.
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Chromium may have central nervous system effects (Diaz-Mayans, et al., 1986 and

Mathur, et al., 1977). Mathur, et al., 1977 reported changes in brains of rabbits given daily
intraperitoneal doses of chromium (III) nitrate or potassium dichromate (VI) at 2 mg/kg
chromium for 3 or 6 weeks. These changes included neuronal degeneration in the
cerebral cortex, marked chromatoloysis, nuclear changes in neurons, neuronal degenera-
tion in the cerebral cortex accompanied by neuronophagia, neuroglial proliferation and

meningeal congestion. Abnormal deposits of chromium in the brains of patients with
encephalopathies treated with radiological contrast substances containing chromium
(Duckett 1986) provide limited evidence that the brain may also be a target organ for

chromium toxicity in humans.

Chromium is a nephrotoxin producing tubular necrosis, with low doses acting specifically
at the proximal convoluted tubule of the kidney. Human and animal studies do not
clearly define the doses that produce adverse effects. Powers, et al., (1986) reported

marked acute proteinuria, glycosuria, phosphaturia, enzymuria, severe electrolytic
imbalance, increased kidney weight and morphological changes in the kidneys of rats
given a single subcutaneous injection of sodium dichromate (chromium (VI)) at a dose

of 20 mg/kg. Animal studies documenting kidney effects include Kirschbaum, et al., 1981,
Baines 1965, Evan and Dail 1974, Powers, et al., 1986, Laborda, et al., 1986, Bemdt 1976

and Srivastava, et al., 1985.

Liver effects have occurred in humans and animals following inhalation and parenteral
exposure to chromium compounds. Hepatic changes observed in animals exposed daily
for 3-6 weeks to chromic compounds (2 mg/kg of chromic (III) nitrate or potassium
dichromate (VI)) included congestion and dilation of the central veins and sinusoids,
discrete foci of necrosis and hemorrhage in liver parenchyma, nuclear pleomorphism,
multinucleated cells in the lobules and bile duct proliferation. Studies indicate chromium
(VI) caused more damage than chromium (III).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Results of in vivo mutagenicity studies have consistently shown positive results for
chromium (VI) compounds (Rasmuson 1985, Knudsen 1980, Paschin, et al., 1982, Newton

and Lilly 1986, Bigaliev, et al., 1978, Wild 1978, DiPaolo and Castro 1979, Bigaliev, et al.,
1977 and Sarto, et al., 1982) and negative results for chromium (III) compounds (Wild 0
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1978) in standard tests. Other in vitro studies reviewing mutagenicity of chromium
include Bianchi and Levis 1985, EPA 1984a, Bonati, et al., 1976 and Singh 1983. These

results support the carcinogenicity findings in animal studies for chromium. Chromium
(III) has tested positive in only isolated nuclei and purified DNA, in studies at high

concentrations and in cells with phagocytic activity. The difference in activity of the two
valence states of chromium is a result of differences in ability to permeate cell

membranes.

Carcinogenicity:

Epidemiological studies reviewed in IARC (1980, 1982, 1987) and EPA (1984, 1986c)
clearly indicate an increased respiratory cancer risk in chromate production workers
(Baetjer 1950, Alderson, et al., 1981, Hayes, et al., 1979, Machle and Gregorius 1948,

Mancuso and Heuper 1951, Mancuso 1975, Ohsaki, et al., 1978 and Taylor 1966). Increased
risks of respiratory cancer have also been found in some studies of chrome pigment
workers (Langard and Norseth 1975 and Davies 1984), chrome-plating workers (Franchini,

et al., 1983, Sorahan, et al., 1987) and ferrochromium workers (Langard, et al., 1980).
Mancuso (1975) found that the lung cancer mortality was dose-related to total chromium
exposure and with a latency period of 27-36 years after initial exposures. The
epidemiological studies do not clearly implicate specific compounds, but do implicate
chromium (VI), as opposed to Cr (III), as the carcinogenic form. Based on the
epidemiological evidence, the EPA (1986c) and IARC (1987) have concluded that exposure
to chromium (VI) compounds via the inhalation route is carcinogenic to humans.

Teratogenicity:

There are no human or animal studies of developmental toxicity following inhalation, oral
or dermal exposure to chromium. Exposure to chromium (III) or chromium (VI)
compounds may result in developmental effects via the parenteral route, however. In
studies by Gale (1978) and Gale and Bunch (1979), increased fetal death and an increase
in external abnormalities were observed in hamsters treated by intravenous injection with
Cr0 3 (chromium (VI)) on a single day of gestation. Matsumoto, et al., 1976 observed

fetal weight depression and an increase in external abnormalities in the fetuses of mice
treated intraperitoneally with CrC13 at 14.64-24.4 mg/kg chromium (III) on the eighth day

of gestation. No effects were observed at 9.76 mg/kg.
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Some studies indicate that chromium (III) and chromium (VI) compounds may affect

reproduction. Behari, et al., 1978 observed testicular effects in rabbits injected
intraperitoneally with chromium (III) nitrate or potassium dichromate (VI) at 2 mg/kg/day

for 3 or 6 weeks. Microscopic examination of the testes showed thickening of the tunica
albuginea, congestion of blood vessels and degenerative changes of the seminiferous
epithelium in chromium (III)-treated rats. Chromium (VI) treatment resulted in mild
edema of the interstitial tissue and congestion of the blood vessels; at 6 weeks the tubules
were devoid of spermatocytes.

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

EPA (1994) has classified inhaled chromium VI in Group A - Human Carcinogen by
inhalation. Chromium (III) is not considered to be a carcinogen.

Carcinogenic Effects of Chromium III:

The EPA (1994) has not evaluated chromium (III) for human carcinogenic potential.

Carcinogenic Effects of Chromium VI:

INHALATION UNIT RISK: 1.2E-2 per (ug/cu.m) or

4.1 x 10+1 (mg/kg/day)-1

DISCUSSION OF CONFIDENCE:

The inhalation cancer potency factor was derived from a study based on the occupational
exposure of workers to chromium and deaths from lung cancer (Mancuso 1975). Results
of studies of chromium exposure are consistent across investigators and countries. A
dose-relationship for lung tumors has been established. The assumption that the ratio of

Cr III to Cr VI is 6:1 may lead to a 7-fold underestimation of risk. The use of 1949
hygiene data, which may underestimate worker exposure, may result in an overestimation
of risk. Further overestimation of risk may be due to the implicit assumption that the
smoking habits of chromate workers were similar to those of the general white male
population, since it is generally accepted that the proportion of smokers is higher for
industrial workers than for the general population.
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Because there is no evidence for the carcinogenicity of chromium compounds by the oral
route of administration, the EPA has not derived an oral cancer potency factor (EPA 1994,
1993) for chromium (VI).

Noncarcinogenic Effects of Chromium III:

ORAL RFD: 1E+0 mg/kg/day (as an insoluble salt)
CRITICAL EFFECT/TARGET ORGAN: No effects observed
ORAL RFD UNCERTAINTY:
UF = 100. The factor of 100 represents two 10-fold decreases in mg/kg bw/day dose that
account for both the expected interhuman and interspecies variability to the toxicity of the
chemical in lieu of specific data.

ORAL RFD MODIFYING FACTOR:
MF = 10. The additional modifying factor of 10 is adopted to reflect uncertainty in the
NOEL because: 1) the effects observed in the 90-day study were not explicitly addressed
in the 2-year study and, thus, the highest NOAEL in the 2-year study may be a LOAEL;
2) the absorption of chromium is low (<1%) and is influenced by a number of factors;
thus, a considerable potential variation in absorption exists; and 3) animals were allowed
to die naturally after feeding stopped (2 years) and only then was histology performed.

ORAL RFD CONFIDENCE:

Study: Low
Data Base: Low
RfD: Low
The principal study is rated low because of the lack of explicit detail on study protocol
and results. Low confidence in the data base reflects the lack of high-dose supporting
data. The low confidence in the RfD reflects the foregoing, but also reflects the lack of
an observed effect level. Thus, the RfD, as given, should be considered conservative,
since the MF addresses only those factors which might lower the RfD.

Noncarcinogenic Effects of Chromium VI:

ORAL RFD: 5E-3 mg/kg/day
CRITICAL EFFECT/TARGET ORGAN: No effects reported
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ORAL RFD UNCERTAINTY: UF = 500. The uncertainty factor of 500 represents two
10-fold decreases in dose to account for both the expected interhuman and interspecies
variability in the toxicity of the chemical in lieu of specific data, and an additional factor
of 5 to compensate for the less-than-lifetime exposure duration of the principal study.

ORAL RFD CONFIDENCE:
Study: Low
Data Base: Low
Confidence in the chosen study is low because of the small number of animals tested, the
small number of parameters measured and the lack of toxic effect at the highest dose
tested. Confidence in the data base is low because the supporting studies are of equally
low quality, and teratogenic and reproductive endpoints are not well studied. Low

confidence in the RfD follows.
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. L.8 COBALT

I. Occurrence and Use

Cobalt is a relatively rare metal which can occur in two oxidation states (2+ and 3+) and

in a variety of different chemical forms, such as cobalt oxide, cobalt tetraoxide, cobalt

chloride, and cobalt sulfide (Elinder and Friberg, 1986). It has a wide array of
commercial uses including high temperature alloy production, magnets, metal cutting

equipment, chemical catalysts, and in paints (Carson et al., 1986). In remote regions, the

ambient air concentration of cobalt is around 1 ng/m 3. In heavily industrialized areas

cobalt concentrations have exceeded 10 ng/m3 (Elinder and Friberg, 1986; Brar et al.,

1970). For example, Cleveland has recorded ambient concentrations of cobalt as high as
610 ng/m3 (Carson et al., 1986). Background concentrations in soils may vary

considerably. However, typical concentrations in the eastern United States range between

< 1 and 70 ppm (Shackelette and Boerngen, 1984).

II. Physical and Chemical Properties of Cobalt

Molecular weight 58.93

Solubility, mg/L 0.OE+00

Bioaccumulation in Fish 5.OE+01

Bioaccumulation in Shellfish 2.OE+02

Source: MEPAS, 1989

III. Environmental Fate and Transport

The availability of cobalt is primarily regulated by pH and is usually found in soils as

divalent cobalt. At low pH, it is oxidized to trivalent cobalt and often found associated
with iron. Adsorption of divalent cobalt on soil colloids is high between pH 6 and 7,

whereas leaching and plant uptake of cobalt are enhanced by a lower pH (HSDB, 1994).
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IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation

Wide species variation in pulmonary absorption of cobalt is apparent. For example,

pulmonary absorption of cobalt in humans is essentially complete, while experimental

studies indicate that hamsters animals absorb cobalt oxide much slower and less

completely than humans; approximately 30% (Elinder and Friberg, 1986). On the other
hand, studies indicate that rats absorb cobalt oxide to a lesser degree, although

unquantified. Gastrointestinal (GI) absorption varies with the type of compound, dose and
nutritional status. In humans, GI absorption has been reported to be as high as

80 percent, although levels between 1 to 45 percent are more common, depending on the

individual (Carson et al., 1986). The highest concentrations of cobalt in exposed humans

are found in the liver, followed by kidney, muscle, spleen, and hair (Elinder and Friberg,

1986; Carson et al., 1986). Cobalt is excreted very slowly and principally in the urine

(i.e., 80 percent) (Goyer, 1986). Cobalt is an essential nutrient in animals and humans
due to its presence as part of the vitamin B1 2 molecule (Goyer 1986; NAS, 1977). The
recommended daily intake of cobalt is 0.2 mg (Herndon et al., 1980).

V. Acute Toxicity

Humans treated for anemia with cobalt (0.17 mg to 3.9 mg/kg/day) for a period ranging
from 6 days to 8 months, displayed a wide array of toxic effects including goiters and

hypothyroidism, gastrointestinal problems (nausea, vomiting and diarrhea), skin rashes,
central nervous system (CNS) effects (headaches, weakness, irritability, changes in

reflexes, and brain electrical patterns) and an increase in the formation of red blood cells

(Carson et al., 1986). Chronic ingestion from the consumption of beer containing high
concentrations of cobalt has been associated with a condition called "beer drinkers
cardiomyopathy," which includes polycythemia, goiter, and marked myocardial

degeneration and mortality.

Experimental animals given an acute dose of cobalt salts display a similar symptomatic
profile of gastrointestinal disturbances, loss of appetite, neurological disorders along with
histopathological abnormalities in liver, adrenals, bone marrow, lungs and kidneys
(Stokinger, 1981). The oral LD50 in rats for cobalt oxide and cobalt chloride was 1,700

mg/kg and 80 mg/kg, respectively (Carson et al., 1986).
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. VI. Chronic Toxicity

The primary target organs of cobalt toxicity following chronic exposures are the thyroid,
the heart, the lung, possibly the kidney, and the immune system (Carson et al., 1986).
Thyroid abnormalities are typically seen as goiter. Long term inhalation to relatively high

levels (0.1-2 mg/m 3) of cobalt in the tungsten carbide tool industry can cause pulmonary
interstitial fibrosis, interstitial pneumonitis, and sensitization of the respiratory tract
(Proctor et al., 1988). Workers occupationally exposed to cobalt frequently complain of
gastro-intestinal problems, loss of the sense of smell, and dyspnea (shortness of breath)
(Carson et al., 1986). Cardiomyopathy was seen in heavy beer drinkers resulting from
the now-discontinued practice of adding cobalt (1 mg/L) as a foam stabilizing agent
(Goyer, 1986). It is not clear why such effects occurred at low levels with alcohol when
therapeutic use did not result in cardiac effect. It would appear that alcohol consumption

potentiated the cardiac effects of cobalt (Goyer, 1986).

VII. Mutagenicity, Carcinogenicity, Teratogenicity

Mutagenicity

Cobalt appears to be mutagenic under some circumstances. For example, cultured human
lymphocytes exposed in vitro to cobalt acetate (0.06 to 0.6 mg/L) displayed an increased
frequency of diploidy formation (Carson et al., 1986). Cobalt chloride appears to

decrease the accuracy of DNA synthesis in vitro (Elinder and Friberg, 1986). In yeast
(Saccharomyces cerevisiae), cobalt was either nonmutagenic or strongly mutagenic,
depending on the cell concentration (Carson et al., 1986). However, no evidence of sister
chromatid exchange or chromosomal aberrations were observed in cattle acutely exposed

to high levels of cobalt (Carson et al., 1986).

Carcinogenicity

The evidence of the carcinogenicity of cobalt in humans is not extensive or convincing.
The few studies in which malignancies were observed in workers exposed to cobalt are

flawed because workers were concurrently exposure to other carcinogenic compounds,
thereby preventing establishment of a clear causal relationship (Carson et al., 1986).
However, in animal studies, rabbits injected with cobalt into the bone developed adenoma
of the lung and osteosarcoma of the bone (Schinz and Uehlinger, 1942). Further,
subcutaneous or intramuscular injections of cobalt in rats resulted in local sarcomas;
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however, mice given twice the dose did not develop tumors (Elinder and Friberg, 1986).

Hamsters failed to develop tumors when exposed to airborne cobalt oxide. The EPA has

not reviewed the carcinogenicity of cobalt and has not derived a carcinogenic
classification for cobalt.

Teratogenicity

Cobalt has not been shown to cause reproductive or developmental effects in humans.

Pregnant women exposed to cobalt either therapeutically or occupationally, delivered
normal children with no evidence of teratogenic effects (Carson et al., 1986).

There is evidence to suggest that cobalt causes teratogenic effects in laboratory animals.
USEPA (1992) reported that maternal weight gain, food consumption, hematologic
parameters and stunted fetal growth occurred following chronic oral exposure of dames
to cobalt chloride at doses of 5.3 to 21.8 mg/kg/day. There are also reports of neuronal
developmental effects in chick embryos exposed to cobalt (Herndon et al., 1980). In

addition, birth defects and decreased fertility in swine have been associated with cobalt
deficiencies (Carson et al., 1986).

VIII. EPA Carcinogenic Classification and Dose-Response Estimates

EPA Carcinogenic Classification:

The EPA has not classified cobalt in terms of carcinogenicity, cancer and no dose-
response parameters have been derived.

EPA Dose-Response Parameters:

Noncarcinogenic effects:

No noncarcinogenic toxicity criteria are available in IRIS 1994 or HEAST 1994.
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. XI. Ecotoxicity

Only a limited number of plant species tested bioaccumulate cobalt above the 100 ppm

which causes severe phytoxicity. Hyperaccumulators of cobalt have been found which

contain over 1% cobalt in dry leaves (HSDB, 1993).
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L.9 COPPER

1. Occurrence and Use

Copper is ubiquitous in the earth's crust, primarily found as sulfides and oxides. Natural
levels in soil range from 8 to 90 mg/kg (Kabata-Pendias and Pendias, 1984).

About half of copper production is used as a conductor in electrical equipment due to its
high conductivity. It is used in many alloys: beryllium-copper, brass, bronze, gunmetal,

bell metal, german silver, etc. These are used in plumbing, electronics, and the
manufacture of various parts and goods. Copper compounds are used in pesticides,
antifouling paints, algicides, fungicides, and insecticides. Some compounds are used as
pigments in paints and ceramics (Carson et al., 1987).

II. Physical and Chemical Properties of Copper

Molecular Weight 63.55'

Water Solubility, mg/I O.OE+002

Vapor Pressure, mm Hg O.OE+003

Bioaccumulation Factor for Fish 5.OE+01 4

Bioaccumulation Factor for Shellfish 4.OE+02 4

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3Lyman et al., 1982
4Napier et al., 1980

III. Environmental Fate and Transport

Factors affecting deposition of copper in soil include the degree of weathering, the nature
and intensity of the soil formation, drainage, Ph, oxidation-reduction potential, and the
amount of organic matter in the soil. Since copper is likely to be more mobile under
acidic than alkaline conditions, the relation of pH to copper in the environment has been
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0 of great concern to agriculturalists and biologists. Alkaline conditions in the soil and

surface water favor precipitation of copper. Acid conditions promote solubility of copper,

increase the concentration ionic copper, and thereby change the microorganism and other

aquatic animal populations, depending on tolerance for various levels of copper in

solution. In soils exposed to atmospheric deposition, high levels of copper and other
metals may occur that can be directly toxic to certain soil microorganisms and can disrupt

important microbial processes in soil, such a nutrient cycling (HSDB, 1992).

IV. Routes of Exposure, Distribution, Absorption, Transport, and Degradation

The principal route of exposure to copper is by ingestion of contaminated food and water,

although inhalation exposure can occur in the workplace. Copper is absorbed in the

stomach and duodenum, and typically about half of a dose will be absorbed. The main

sites of deposition are the liver brain and muscles, and a 70-kg adult stores 70 to 120 mg.

The major excretion route is the bile (Carson et al., 1987). Copper is an essential

nutrient, but is toxic to humans at high levels.

V. Acute Toxicity

Exposure to metallic copper dust by inhalation can cause a short-term illness similar to

metal fume fever that is characterized by chills, fever, aching muscles, dryness of the

mouth and throat, and headache. Exposure to copper fumes can produce upper respiratory

tract irritation, a metallic or sweet taste, nausea, and occasional discoloration of skin and

hair. Individuals exposed to dusts and mists of copper salts may exhibit congestion of

nasal mucous membranes, sometimes congestion of the pharynx, and occasionally

ulceration with perforation of the nasal septum. If sufficient concentrations of copper

salts reach the gastrointestinal tract, they act as irritants and can produce salivation,

nausea, vomiting, gastritis and diarrhea. The elimination of ingested ionic copper by
vomiting and diarrhea generally protects the patient from more serious systemic toxic

effects, which can include hemolysis, hepatic necrosis, gastrointestinal bleeding, oliguria,

azotemia, hemoglobinuria, hematuria, proteinuria, hypotension, tachycardia, convulsions

and death. Copper salts act as skin irritants upon dermal exposure, producing an itching

eczema. Conjunctivitis or even ulceration and turbidity of the cornea may result from the

direct contact of ionic copper with the eye (Clement Associates, 1985).
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VI. Chronic Toxicity

Chronic exposure via inhalation may produce "metal fume fever," which is an influenza-

like syndrome, with attacks lasting a day or so. Long-term exposure may also produce
nasal ulcerations and bleeding. Anemia has also been observed as a symptom of exposure
among workers exposed to copper in the air at levels at of below the TLV (Carson et al.,

1987). Chronic exposure of rats and swine via ingestion of copper or its compounds at
2-40 mg/kg/day has resulted in pathological changes of the liver, kidneys, blood,
gastrointestinal tract, and in a variety of tissues (ATSDR, 1989).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Copper appears to increase the mutagenic activity of triose reductase and ascorbic acid
in bacterial test systems. However, copper itself does not appear to have mutagenic or
teratogenic effects in animals or humans (Clement Associates, 1985).

Carcinogenicity:

Available data relating to copper carcinogenicity are presently inadequate. Thus,
according to the guidelines of the U.S. EPA, copper is not classifiable as to human

carcinogenicity. A long term study of copper hydroxyquinoline administered to mice in
their diet yielded negative results in both strains used (B6C3F, and B5AKF,). However,
subcutaneous exposure of male B6C3F, mice yielded a highly significant elevation in the
incidence of reticulum cell sarcomas, although elevated incidences of tumors were not
observed in treated B5AKF, mice or treated female mice of either strain. Studies

involving Wistar rats are also presently inconclusive (ATSDR, 1989).

Teratogenicity:

Numerous studies have documented the teratogenicity of copper compounds. Bioassay

animals to which copper compounds have been shown to be teratogenic include C57BL
and DBA strain mice (copper sulfate at 25.9 and 51.7 mg/kg/day), and hamsters (copper
sulfate at 2.13 mg/kg and copper citrate a 0.25-1.5 mg/kg)(ATSDR, 1989).
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. VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Copper is not classified as a human carcinogen (Group D), based on inadequate animal
data from assays of copper compounds, equivocal mutagenicity data and lack of any

human data.

EPA Dose-Response Parameters (IRIS, 1994):

No carcinogenic or noncarcinogenic dose-response parameters are reported in IRIS for
copper. HEAST reports a current drinking water standard of 1.3 mg/I. This can be used

to obtain an RfD of 0.0371 mg/kg/day, assuming a 70 kg body weight and water
consumption of 2 L/day.
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L.10 CYANIDE

i. Occurrence and Use

Cyanide in the form of sodium cyanide has a wide variety of uses in chemical
manufacturing processes, including its use in the production of dyes, agricultural
chemicals, pharmaceutical, chelating or sequestering agents; in the preparation of nitriles,
carbylamines, cyano fatty acids, and heavy metal cyanides. It is also been used in heat
treating and metal stripping processes. Sodium cyanide and other common forms, such

as hydrogen cyanide, and potassium cyanide are all extremely toxic and acutely
poisonous, interfering with metabolic processes and causing rapid death (HSDB, 1993).

II. Physical and Chemical Properties of the Cyanide ion

Molecular Weight 26.00

Water Solubility, mg/l 1.OE+06

Vapor Pressure, mm Hg 6.2E+02

Henry's Law Constant, atm-mS/mole 1.9E+03

Octanol-Water Partition Coefficient 5.6E-01

Bioaccumulation Factor for Fish 3.8E-01

Bioaccumulation Factor for Shellfish 4.4E-02

Source: Multi-Media Exposure Assessment Manual, 1989

III. Environmental Fate and Transport

Material containing cyanide compounds disposed of on land may lead to elevated levels
of cyanide in underlying strata and in groundwater. Cyanide salts are very soluble in
water, and as a result, they readily dissociate into their respective anions and cations upon

release to water. The resulting cyanide ion may then form hydrogen cyanide or react with
various metals present in natural water. If the cyanide ion is present in excess, complex
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metallocyanides may form; however, if metals are prevalent, simple metal cyanides may
form. Cyanide is biodegraded and oxidized in soil, and is volatile at acidic pHs (ATSDR,
1988).

IV. Routes of Exposure, Distribution, Absorption, Transport, and Degradation

Exposure usually occurs in occupational settings due to contact by inhalation, ingestion
and dermal absorption. Cyanides are rapidly absorbed through the skin and all mucosal
surfaces and are most dangerous when inhaled, because toxic amounts are absorbed
through bronchial mucosa and alveoli. The cyanide ion is also readily absorbed after oral
or parenteral administration. The ion is distributed to all organs and tissues via the blood,
where its concentration in red cells is greater than the plasma by a factor of two or three.
Once absorbed in to the body, cyanide can form complexes with heavy metal ions. The
major route of detoxification is by conversion to thiocyanate, which is excreted in the
urine (HSDB, 1993).

V. Acute Toxicity

Inhalation of massive doses may produce, without warning, sudden loss of consciousness
and prompt death from respiratory arrest. With smaller but, still lethal doses, the illness
may be prolonged for 1 or more hours. Upon ingestion, a bitter, acrid, burning taste is
sometimes noted, followed by a feeling on constriction or numbness in the throat; nausea
and vomiting are not unusual. The skin may become brick red in both inhalation and
ingestion poisoning, and is usually covered with sweat (HSDB, 1993).

VI. Chronic Toxicity

Enlarged thyroid glands are reported in workers exposed to cyanide salts in heat treatment
of metals. It was suggested that absorption of cyanide dust and hydrogen cyanide
produced by hydrolysis of cyanide salts, was followed by metabolism to thiocyanate, and
that failure to eliminate this caused a goitrogenic effect. Workers in the electroplating
industry have shown dermatitis, characterized by itching, red coloration, and papules.
Irritation of the nose, leading to obstruction, bleeding sloughs and in some cases
perforation of the septum has also been reported following inhalation exposures. There
is also evidence that cyanide causes blindness and damage of the optic nerves and retina
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following long-term exposures. Doses which cause these chronic effects have not been

reported (HSDB, 1993).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Sodium cyanide tested non-mutagenic in bacterial bioassays employing Salmonella

typhimurium (HSDB, 1993).

Carcinogenicity:

No studies were located in the literature reporting carcinogenic studies on cyanide or its

salts. Insufficient data has been generated to determine whether cyanide is a carcinogen.

Teratogenicity:

Sodium cyanide implanted in which embryos above a concentration of 5 x 10-3 M

inhibited development of the central nervous system (HSDB, 1993).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Cyanide is not classifiable as a human carcinogen (Group D), based on insufficient data

for both human and animal studies.

EPA Dose-Response Parameters:

Carcinogenic Effects:

No carcinogenic dose-response parameters have been promulgated for cyanide.

Noncarcinogenic Effects:

ORAL RFD SUMMARY:

RfD : 2E-2 mg/kg/day
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CRITICAL EFFECT/TARGET ORGAN: Weight loss, thyroid effects and myelin cyanide
degeneration in chronic oral studies using rats.

ORAL RFD UNCERTAINTY:
UF = 100. According to the U.S. EPA (1985), an uncertainty factor of 100 is used to
derive the RfD (10 for species extrapolation, 10 for sensitive population).

ORAL RFD MODIFYING FACTOR:
MF = 5. A modifying factor of 5 is used to account for the apparent tolerance to cyanide
when it is ingested with food rather than when it is administered by gavage or by

drinking water.

ORAL RFD CONFIDENCE:
Study: Medium
Data Base: Medium
RfD: Medium

The confidence in the study is medium because adequate records of food consumption and
body weight were maintained and animals of both sexes were tested at two doses for 2
years. The data base is rated medium because a small but sufficient number of studies
support the chosen study. Medium confidence in the RfD follows. Additional
chronic/reproductive studies are needed to support a higher level of confidence in the
RfD.
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L. 11 LEAD

I. Occurrence and Use

Lead (Pb) is a major environmental contaminant and one of the most common pollutants

at hazardous waste sites. Combustion of gasoline is the major source of lead, as well as
being a component of automotive batteries and paint.

Air emissions from combustion sources and lead paint are the primary anthropogenic

sources of environmental lead.

II. Physical and Chemical Properties of Lead

Lead is a gray-white metal of silvery luster that has a low melting point (327.50C) and

a boiling point of 17400C. The metal is soft, malleable and ductile, a poor electrical
conductor and highly impervious to corrosion. A listing of the solubilities and physical
properties of the more common compounds of lead is given in Weast 1982 and EPA
1986a. Most inorganic lead salts are sparingly soluble (eg., PBF 2, PbCI2) or virtually
insoluble (PbSO4, PbCrO,) in water; the notable exceptions are lead nitrate, PB(N0 3)2 and
lead acetate, Pb(OCOCH 3)2. Inorganic lead (II) salts are, for the most part, relatively
high-melting-point solids with correspondingly low vapor pressures at room temperatures.
The vapor pressures of the most commonly encountered lead salts are also tabulated in
EPA 1986a.

Molecular Weight 207.00'

Water Solubility, mg/1 O.OE+00 2

Bioaccumulation Factor for Fish 1.OE+02 3

Bioaccumulation Factor for Shellfish 1.OE+023

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3Napier et al., 1980
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III. Environmental Fate and Transport

Although the chief source of environmental exposure is the atmosphere, Pb enters the soil

and water as fallout. Lead deposited on soils can bind to a number of other naturally

occurring materials, including other dusts, clays, hydrous oxides and humic and fulvic

acids. Once it pollutes the soil, opportunities are enhanced for lead to be absorbed and

recycled into the human food chain through grazing animals, home gardening and general

agricultural activity. The greatest concentrations of Pb have been found close to heavily

travelled roads. Lead enters the human body via inhalation and ingestion.

At one time, automobile exhaust accounted for about 90% of all air emissions in the

United States; the recent phase-down of lead content of gasoline and reductions in usage

of leaded gasoline have, and will continue to, substantially decrease the contribution of

automobile exhaust to air lead (EPA 1986b). Lead in automobile exhaust originates from

the combustion of gasoline containing organic lead additives, primarily tetraethyl and

tetramethyl lead. Lead is emitted from vehicles primarily as particles of inorganic lead,
with a small percentage as volatile lead alkyls.

Lead released to the air deposits on terrestrial surfaces and enters the soil, where it can

have several possible fates. Lead can be retained in organic complexes near the soil

surface. For example, insoluble lead species may be free or adsorbed on solid inorganic

or organic matrices. Studies of lead/soil interactions show that soil fixation of lead is

mainly affected by pH, cation exchange capacity and organic matter content of soil. Lead
appears most strongly associated with soil organic carbon fraction. If little or no organic

material is in the soil, other components can regulate lead fixation. These include

hydrous manganese oxide (Forstner, et al., 1981) and hydrous ferric oxide (Swallow, et al.,

1980). Levels of lead in rural soils, away from industrial emissions and roadbeds, range

from 5-30 pg leadig soil (see Table 1). Levels of lead near roadbeds can be much larger

(30-2000 pg/g) and will vary with past and present traffic density and vehicle speed (Page

and Gange 1970; Quarles, et al., 1974; Wheeler and Rolfe 1979). Much higher levels
(greater than 30,000 pg/g) can occur in the immediate vicinity of industrial sources

(Yankel, et al., 1977; EPA 1986b). Lead bound to organic constituents in soil can

remain in soil for long periods of time. As a result, elevated levels can persist long after

sources of deposition have been reduced (Prpic-Majic, et al., 1984).

Dust is an important source of oral lead intake in infants and children. The term "dust"

refers to house and outdoor dust; house dust is dust in the interior of buildings and
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includes such things as material from fabrics (carpet) and paint and soil tracked or blown
into the house. Outdoor dust includes anthropogenic materials deposited on outside

surfaces, referred to as "street dust," and the mobile uppermost layer of natural soil,
referred to as "soil dust" (EPA 1986b). Outdoor dusts can be transported by wind and
rain runoff (Laxen and Harrison 1977). Lead persistence in dust depends on the amount
and size of particles; big particles tend to persist in air longer than smaller ones. Levels
in outdoor dust near point sources have been shown to decline within 1-2 years after
atmospheric emissions decreased (Morse, et al., 1979; Prpic-Majic, et al., 1984).

Lead can enter ambient water from atmospheric deposition and surface runoff, where it
tends to form insoluble salts and precipitates. Concentrations of lead in US ambient
waters are typically low. Mean values tend to be less than 3-28 jig/l (NAS 1980; EPA

1986b). In contrast to ambient water, levels in drinking water can be much higher (10-

1,000 jig/I) because of leaching of lead from lead pipe and leaded solder joints. Lead
concentrations in drinking water vary with the amount of lead in the household plumbing
and corrosiveness of the water. Soft or acidic waters tend to be more corrosive and
promote higher concentrations of dissolved lead in the drinking water (Worth, et al., 1981).

Drinking water can be a major source of lead intake for infants and young children who
consume large amounts of infant formula prepared with household water.

IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation

Oral intake, rather than inhalation, is generally the predominant route of intake for
humans. Intake occurs through ingestion of food and beverages, and in infants and
children, through ingestion of dust and soil.

Ingestion of lead-based paint is one of the most frequent causes of severe lead
intoxication in children (Chisolm 1984). Although the US Consumer Product Safety
Commission banned the use of household paints containing greater than 0.06% lead in
1977, the hazard persists in homes and apartments constructed before the ban. Infants and
children can be exposed to lead in paint from ingesting and inhaling house dust
contaminated with paint dust and from intentionally ingesting paint chips (paint pica).
Exposure can occur outside the house from ingestion of street and soil dust.

Absorption of ingested lead is quantitatively the most significant route of uptake of
inorganic lead in most human populations; the exception is occupational exposures in

0
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which inhalation of airborne lead results in significant uptake. Percutaneous absorption

(ie., dermal uptake) is not considered a significant route of absorption of inorganic lead.

Alkyl lead compounds (e.g., triethyl, trimethyl, tetraethyl and tetramethyl lead) are more
highly lipophilic than inorganic lead and are readily absorbed from the lung and skin.

For inhalation, amounts and patterns of deposition of particulate aerosols in the respiratory
tract are affected by the size of the inhaled particles, age-related factors that determine
breathing patterns (e.g., nose breathing vs. mouth breathing), airway geometry and
airstream velocity within the respiratory tract. Estimates for fractional absorption of large
particles (greater than 2.5 um) deposited in the upper respiratory tract range from 40-50%

(Kehoe, 1961a,b,c; Chamberlain and Heard, 1981).

Chamberlain, et al., (1978) exposed adult human subjects to radioactive lead in engine
exhaust, lead oxide or lead nitrate (less than I um particle size) and observed that 90%
of the deposited lead was cleared from the lung within 14 days. Morrow, et al., (1980)
reported 50% absorption of deposited lead inhaled as lead chloride or lead hydroxide
within 14 hours. An analysis of the radioisotopic dilution studies of Rabinowitz, et al.,
(1977) in which adult human subjects were exposed daily to ambient air lead indicated
that about 90% of the deposited lead was absorbed daily (EPA 1986b).

Quantitative analyses of the relationship between aerosol particle size and deposition in
the human respiratory tract have been combined with information on size distributions of
ambient air lead aerosols to estimate deposition and absorption efficiencies for inhaled
lead in adults and children (EPA 1986b; Cohen 1987). It was estimated that 38% of the
inhaled lead in adults living in the vicinity of an industrial source is absorbed. For some
urban and rural atmospheres, where submicron particles dominate the airborne lead mass,
the estimated fractional absorption is 15-30% (Cohen, 1987).

The retention and absorption of gaseous tetraethyl and tetramethyl lead has been
examined in volunteers who inhaled radioactively-labelled tetraalkyl lead (Heard, et al.,
1979). Initial lung retention was 37 and 51% for tetraethyl and tetramethyl lead,
respectively. Of these amounts, 40% of tetraethyl lead and 20% of tetramethyl lead was
exhaled within 48 hours; the remaining fraction (tetraethyl, 60%; tetramethyl, 80%) was
absorbed.
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The gastrointestinal tract is the primary site of absorption of lead in children and most
adult populations, with the exception of those subject to occupational exposure (EPA

1986b). Gastrointestinal absorption of lead varies with age, diet and nutritional status as
well as the chemical species and particle size of the ingested lead. Dietary balance

studies have yielded estimates ranging from 7-15% for gastrointestinal absorption in adults
(Kehoe, 1961 a,b,c; Chamberlain, et al., 1978; Rabinowitz, et al., 1980). Gastrointestinal
absorption of dietary lead is greater in infants and children than in adults. A mass

balance study in infants aged 2 weeks to 2 years yielded estimates of 42% for children
with dietary intakes of greater than or equal to 5 pg PB/kg body weight. Lower dietary

intakes were associated with highly variable absorption (Ziegler, et al., 1978). A study
conducted with infants and children aged 2 months to 8 years (daily intake, 10 pg Pb/kg
body weight) yielded estimates of 53% for gastrointestinal absorption (Alexander, et al.,

1973). Individuals with poor nutritional status may absorb more lead from environmental

sources (EPA, 1986b).

Inorganic lead is not readily absorbed through the skin (percutaneous absorption). Values
of 0-0.3% of the administered dose were reported for humans exposed to dermal
applications of cosmetic preparations containing lead acetate.

Mineralized tissues (eg., bone and teeth) are the single largest pool for absorbed lead,
accounting for about 95% of the total lead burden in adults and slightly less in children

(Barry 1975, 1981). Lead not contained in mineralized tissue is distributed in soft tissues,
primarily blood, liver and kidneys. Small amounts accumulated in other soft tissues such
as brain, although not quantitatively significant to the overall distribution of the body
burden, are of considerable toxicological importance. Lead readily transfers across the
placenta and distributes to fetal tissues (Horiuchi, et al., 1959; Barltrop, 1959; Lauwerys,
et al., 1978; Kovar, et al., 1984; Tsuchiya, et al., 1984; Korpela, et al., 1986). Lead
distributes to a variety of tissues after exposure to lead alkyls. Levels of lead in humans
that have been exposed to tetraethyl and tetramethyl lead are highest in liver followed by
kidney and brain (Bolanowska, et al., 1967; Grandjean and Nielsen 1979).

Metabolism of inorganic lead consists primarily of reversible ligand reactions including
the formation of complexes with amino acids and nonprotein thiols and binding to various

complexes with amino acids and nonprotein thiols and binding of various cellular proteins
(Bruenger, et al., 1973; Raghavan and Gonick, 1977; Everson and Patterson 1980; Ong and

Lee 1980; DeSilva 1981). Tetraethyl and tetramethyl lead undergo oxidative dealkylation
to the corresponding trialkyl derivatives that are thought to be the neurotoxic forms of

TOO/0415 08118/94 10:05 am ap 4*f0 Recyd r

L-59



these compounds. Dealkylation of tetralkyl lead occurs in a variety of species, including

humans (EPA 1986b).

V. Acute Toxicity

Acute lead-induced nephrotoxicity is characterized by proximal tubular nephropathy of

the kidney. Characteristic lesions described in both humans and animals include nuclear

inclusion bodies and mitochondrial changes in the epithelial cells of the pars recta of the

proximal tubule and impaired solute reabsorption (eg., glucose, amino acids, phosphate)

of the kidney. Acute nephrotoxicity has been observed in children with lead encephalopa-

thy and is associated with relatively high blood lead levels (ie., greater than 80 jtg/dl)

(Chisolm, et al., 1955; Chisolm 1962, 1968; Pueschel, et al., 1972; EPA 1986b).

VI. Chronic Toxicity

Lead Neurotoxicity in adults: Severe lead neurotoxicity is characterized by overt

symptoms of irritability, shortening of attention span, headache, muscular tremor,

peripheral

neuropathy, abdominal pain, loss of memory and hallucinations. Delirium, convulsions,

paralysis and death can also occur. In adults, some of these overt symptoms may become

apparent at blood lead levels in the range of 40-60 tg/dl (EPA 1986b). Nonovert

symptoms of neurotoxicity associated with lead exposure in adults include impaited

performance on psychomotor tests, decreased nerve conduction velocity and impaired

cognitive function. Blood lead levels associated with these effects range upwards from

30 pg/dl (EPA 1986b).

Lead Neurotoxicity in Children: Symptoms of overt neurotoxicity in children are similar

to those observed in adults. Nonovert symptoms of neurotoxicity that have been reported

in children include impairments or abnormalities in psychomotor and cognitive function.

Severe psychomotor and cognitive deficits appear to be associated with blood lead levels

at the range of greater than or equal to 40-60 pg/I in "high-risk" populations of children

(EPA 1986b). High risk populations include children with previous histories of lead

encephalopathy or paint pica and children with possible occupational exposure (eg., lead

pottery manufacture).

Several large-scale studies (EPA 1986b) reported effects on mental development and

cognitive ability associated with blood lead levels greater than or equal to 10-15 pg/dl.
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An inverse linear association between Stanford-Binet IQ scores and contemporary blood

lead levels was seen over the entire range of 6-47 pg/dl in a study of uniformly low
socioeconomic status black children, 3-7 years old (Hawk, et al., 1986; Schroeder and
Hawk, 1987). A study of 6-9-year old children in Edinburgh, Scotland, also indicated a
negative linear correlation between blood lead and scores on tests of cognitive ability
(Fulton, et al., 1987). The correlation extended across a range of 5-22 pg/dl mean blood
lead levels.

A nerve conduction velocity study in children (aged 5-9 years) living in the vicinity of
a lead smelter (Schwartz, et al., 1988) indicated a threshold for decreased maximal nerve

conduction and estimated it to be within the range of 20-30 pig/dl.

Effects of Lead on Heme Biosynthesis and Ervthropoiesis: Lead interferes with heme

biosynthesis by decreasing the activity of enzymes in this pathway (EPA 1986b).
Significant impairment of hemoglobin synthesis occurs in adults only at relatively high

blood levels. The threshold for a decrease in blood hemoglobin in adults and children is
achieved at a blood lead level of 50 pg/dl (Meredith, et al., 1977; Fischbein, 1977; Alvares,
et al., 1975). Frank anemia in adults has been associated with levels greater than 80 pg/dl
(Tola, et al., 1973; Grandjean 1979; Lilis, et al., 1978; Wada, et al., 1973; Baker, et al.,
1979). Available information indicates the potential for undesirable effects on heme
biosynthesis and erythroblast pyrimidine metabolism in children with blood lead levels
greater than 10-15 pg/dl and possibly at lower levels (EPA 1990).

Effects of Lead on the Kidney: Chronic toxicity in the kidney is characterized by
interstitial fibrosis and decreased glomerular filtration rate (Goyer 1982; EPA 1986b,
ATSDR/EPA 1988). Chronic nephropathy, indicated by nuclear inclusion bodies,

mitochondrial changes, interstitial fibrosis and glomerular changes, have been associated
with prolonged (greater than 10 years) occupational exposures and blood lead levels

greater than 40-60 pg/dl (Lilis, et al., 1968; Cramer, et al., 1974; Biagini, et al., 1977;
Wedeen, et al., 1975, 1979; Buchet, et al., 1980; Hong, et al., 1980).

Effects of Lead on Blood Pressure: The relationship between concurrent blood lead levels
and blood pressure in adults has been examined in several epidemiological studies
(Pocock, et al.,1984, 1985, 1988; Harlan, et al., 1985; Pirkle, et al., 1985; Landis and Flegal
1987; Elwood, et al., 1988 a, b; Neri, et al., 1988; Sharp, et al., 1988; Weiss, et al., 1988;
Moreau, et al., 1988). The weight of evidence provided by the several large- and small-
scale epidemiology studies supports the existence of a positive correlation between blood
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lead level and blood pressure. In addition, the results of numerous animal studies support
a dose-response relationship between lead exposure and elevated blood pressure. Chronic
exposure to inorganic lead increases blood pressure in laboratory animals (Victery 1988).
The correlation between blood lead levels and blood pressure in humans appears to extend
to blood lead levels less than 20 tig/dl and possibly to as low as 7 pg/dl. This suggests
that as blood lead level increases greater than 7 pg/dl to levels greater than or equal to
20 pg/dl, the risk for increased blood pressure increases.

Effects of Lead on Serum Vitamin D Levels: Serum levels of 1,25-
dihydroxycholecalciferol are inversely correlated with blood lead in children (Rosen, et
al., 1980; Mahaffey, et al., 1982). The correlation persists when examined across a range
of blood lead levels extending from 12-60 pg/dl; however, the dose-effect relationship has
not been characterized. Based on a linear regression analysis of data on serum 1,25-
dihydroxycholecalciferol and blood lead levels in children as well as data on 1,25-
dihydroxycholecalciferol levels in other vitamin D related clinical disorders in children,

it has been predicted that increasing the blood lead levels from 12-60 Pg/dl will lower
serum 1,25-dihydroxycholecalciferol to clinically adverse levels (Mahaffey, et al., 1982).
Chronic depression of 1,25-dihydroxycholecalciferol levels of a much smaller magnitude
than that associated with frank clinical disorders of calcium and phosphate metabolism
have the potential to alter bone development and growth in children; therefore, blood lead
levels greater than 12 pg/dl should be considered potentially undesirable with respect to
changes in 1,25-dihydroxycholecalciferol levels in children. 1,25-25 dihydroxy-
cholecalciferol, the active form of vitamin D, is a hormone that plays an important role
in the regulation of gastrointestinal absorption and renal excretion of calcium and
phosphorus and in the mineralization of bone. Deficiencies in 1,25-dihydroxy-cholecal-
ciferol are associated with decreased bone mineralization and clinical syndrome of rickets

in children. 1,25-dihydroxy-cholecalciferol may also stimulate gastrointestinal absorption
of lead (Smith, et al., 1978).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Structural chromosomal aberrations and increased sister chromatid exchanges in peripheral
lymphocytes have been associated with chronic exposure to lead resulting in blood lead
levels in the range of 24-89 pg/dl, although effects were not observed over this range of
blood levels in numerous studies (EPA 1986b). Studies reviewed by EPA (1989b)
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demonstrated that lead compounds induce cell transformation in mouse cells and rat

embryo cells infected with the Rauscher murine leukemia virus.

Carcinogenicity:

Epidemiological studies of industrial workers, where the potential for lead exposure is

usually greater than for a "normal population," have been conducted to evaluate the role

of lead in the induction of human neoplasia (Cooper 1976, 1981; Cooper and Gaffey 1975;
Chrusciel 1975; Dingwall-Fordyce and Lane 1963; Lane 1964, McMichael and Johnson
1982; Neal, et al., 1941; Nelson, et al., 1982). Two studies (Dingwall-Fordyce and Lane
1963 and Nelson, et al., 1982) did not find any association between exposure and cancer
mortality. Selevan, et al., (1984), in their retrospective cohort mortality study of primary

lead smelter workers, found a slight decrease in the total cancer mortality compared to
controls. Apparent excesses were observed for respiratory cancer and kidney cancer.

Cooper and Gaffey (1975) and Cooper (1985 update) performed a cohort mortality study

of battery plant workers and lead smelter workers. They found statistically significant
excesses for total cancer mortality, stomach cancer and lung cancer in the battery plant
workers. Although similar excesses were observed in the smelter workers, they were not

statistically significant. Cooper and Gaffey (1975) felt it was possible that individual
subjects were monitored primarily on the basis of obvious signs of lead exposure, while
others who showed no symptoms of lead poisoning were not monitored.

In general, these studies made no attempt to consider types of lead compounds to which
workers were exposed or to determine probable routes of exposure as well as information

on the possible contribution from smoking. All studies also included exposures to other

metals such as arsenic, cadmium (both known carcinogens) and zinc for which no

adjustment was done. The cancer excesses observed in the lung and stomach were
relatively small. There was no consistency of site among the various studies and no study

showed any dose-response relationship. Thus, the available human evidence is considered
to be inadequate to refute or demonstrate any potential carcinogenicity for humans from

lead exposure.

In animals, the carcinogenic potential of lead salts (primarily phosphates and acetates)

administered via the oral route or by injection has been demonstrated in rats and mice by

more than 10 investigators (Zollinger 1953; Boyland, et al., 1962; Van Esch, et al., 1962;
Baldwin, et al., 1964; Balo, et al., 1965; Hass, et al., 1967; Mao and Molnar 1967; Epstein

and Mantel 1968; Zawirsa and Medras 1968; Van Esch and Kroes 1969; Zawirska and
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Medras 1972; Azar, et al., 1973; Furst, et al., 1976; Koller, et al., 1985). The most

characteristic cancer response is bilateral renal carcinoma. Rats given lead acetate or

subacetate orally have developed gliomas and lead subacetate also produced lung
adenomas in mice after intraperitoneal administration. Most of these investigations found

a carcinogenic response only at the highest tolerated doses. The lead compounds tested
in animals are almost all soluble salts. Metallic lead, lead oxide and lead tetralkyls have
not been tested adequately. Studies of inhalation exposure have not been located in the
literature (EPA 1993).

Teratogenicity (and other reproductive effects):

Severe occupational exposure to lead has been associated with increased incidence of
spontaneous abortion (EPA 1986b) in exposed women. In the Port Pirie cohort study,
pregnancy outcome in populations near and distant from a lead smelter indicated that the
risk for pre-term delivery was positively related to maternal blood lead, over a range of
8-32 pg/dl (McMichael, et al., 1986). Depressed sperm production and development has
been associated with occupational exposure to lead. Based on studies by Lancranjan, et
al., 1975 and Wildt, et al., 1983, the EPA concluded that undesirable effects on sperm or
testes may occur in men as a result of chronic exposures leading to blood lead levels of

40-50 jtg/dl (EPA 1986b).

The effects of prenatal and neonatal lead exposure on perinatal status and postnatal mental

and motor development have been examined in several epidemiologic studies. Four
prospective studies initiated in the cities of Boston, Cincinnati, Cleveland and Port Pirie,

Australia, are notable (Bellinger, et al., 1987 a,b, 1989; Dietrich, et al., 1987, 1989; Emhart,
et al., 1986; McMichael, et al., 1986; Vimpani, et al.,1985; Baghurst, et al., 1987). Based

on an extensive evaluation of these studies, the EPA concluded that "all of these studies
taken together suggest that neurobehavioral deficits, including declines in Bayley Mental
Development Index (MDI) scores and other assessments of neurobehavioral function, are
associated with prenatal blood lead exposure levels on the order of 10-15 ptg/dl, and
possibly even lower, as indexed by maternal or cord blood lead concentrations" (EPA
1986b).
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VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

The EPA has classified lead as a probable human carcinogen (Class B2). This
classification is based on the observation of increased kidney cancer in rats and mice, and

on increases in tumors in rats.

EPA Dose-Response Parameters (IRIS, 1994):

Carcinogenic Effects:

The EPA has not derived an oral and inhalation cancer potency factors for lead (EPA

1993).

Noncarcinogenic Effects:

Dose-response estimates for oral and inhalation exposures are not available for the
noncarcinogenic effects of lead (IRIS, 1994). An old RfD for non-cancer effects is
available for the non-cancer impacts of lead exposure on humans. It is 1.OE-03 mg/kg-
day. However, the EPA has determined that an RfD would not be appropriate to protect

children from adverse developmental impacts of lead exposure due to the complex
relationship between lead exposures by various routes, blood-lead levels, and the
occurrence of adverse effects. Instead, EPA had developed a biokinetic model for
assessing the impacts of multi-route lead exposures on childrens' blood-lead levels (EPA

1990b) and recommends that it be used to evaluate the health significance of lead
exposures, using a target blood lead level of 10 pg/dl as an indicator of potential adverse

effects. This model applies to infants and young children (0 to 6 years old).
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. L.12 MANGANESE

1. Occurrence and Use

Manganese is an essential element present in all living organisms. Background levels of

manganese in soil range from approximately 300 to 950 mg/kg (Kabata and Kabata-

Pendias, 1987).

Manganese is used in the manufacture of ceramics, matches, glass dyes, welding rods, and

is a component of steel, steel alloys, cast iron, and super- and nonferris alloys. The metal

is also used as a chemical intermediate in the production of high purity salts, and acts as

a purifying and scavenging agent in metal production (HSDB, 1993).

II. Physical and Chemical Properties of Manganese

Molecular Weight 55.00'

Water Solubility, mg/l 0.OE+002

Bioaccumulation Factor for Fish 4.OE+023

Bioaccumulation Factor for Shellfish 9.OE+043

Sources: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3Napier et al., 1980

III. Environmental Fate and Transport

In the atmosphere, manganese solubilizes in rainwater at acidic pHs (85% solubilization
at pH 2). The release of dissolved labile forms of manganese, and probably other metals,

through such dissolution reactions is potentially and important step in the geochemical

cycles of these elements. Studies of sediment core samples suggest that manganese
compounds in sediments concentrate in the upper 2 cm of the core, and do not produce

a vertical gradient of concentrations. This suggests that manganese compounds are

bioavailable to aquatic organisms (HSDB, 1993).
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IV. Routes of Exposure, Distribution, Absorption, Transport, and Degradation

Exposure to anthropogenic sources of manganese primarily occurs in the workplace via
inhalation. Manganese releases to the ambient air are contributed by coal burning, fuel

oil burning steelmaking, and battery manufacture. Natural concentrations in food account
for oral manganese intakes ranging from 2 to 9 mg/day. The efficiencies with which
manganese and its compounds are absorbed following exposure via the inhalation,
ingestion, and dermal routes have been reported to equal approximately 70.0, 3.0, and 0.0
percent respectively. The principal tissues and organs to which manganese and its
compounds are distributed have been reported to include mitochondria of the pancreas,

liver kidneys, intestine, and brain. The half-life of manganese in the human body is about
37 days, although manganese crossing the blood-brain barrier exhibits a longer half-time
within the brain. The principal route of elimination is in the feces (ATSDR, 1989.

Toxicological Profile for Manganese).

V. Acute Toxicity

Acute toxic effects associated with manganese compounds can occur in humans under
unusual, and unusually intense exposure scenarios, such as intentional or accidental
poisoning, which differs qualitatively and quantitatively" from human environmental
exposures. Acute toxic effects attributable to manganese may follow inhalation of its
dusts, usually in mining or manufacturing facilities. The resulting condition, which is
typically reversible, is known as manganese pneumonitis, characterized by epithelial
necrosis followed by mononuclear cell proliferation. In humans, acute manganese
poisoning is rare. Manganese, among other metals, may also cause a reversible condition
known as metal fume fever following exposure to freshly formed metal oxide fumes of
respirable particle size. Symptoms include fever, chills, sweating, nausea and coughing
(ATSDR, 1989).

VI. Chronic Toxicity

Chronic effects occurring from inhalation exposure, generally over a period of 2 years,
include central nervous system (CNS) toxicity. Those who develop manganese poisoning
(manganism) exhibit a psychiatric disorder characterized by irritability, difficulty in
walking, speech disturbances, and compulsive behavior which may include running,

fighting, and/or singing. If the condition persists, a mask-like face, retropulsion or
propulsion and a Parkinson-like syndrome develop (Mena et al., 1967). The major effect
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of manganese encephalopathy has been classified as severe selective damage to the

subthalamnic nucleus and pallidum (Pentschew et al., 1963). In addition to these CNS

effects, liver cirrhosis often occurs. Victims of chronic manganese toxicity tend to
recover slowly, even after cessation of exposure (Klaassen et al., 1986).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Available information relating to the potential mutagenicity of manganese is highly

limited. Manganese has been reported to be mutagenic at high concentrations in some

but not all in vitro bioassays by which it has been tested (ATSDR, 1989).

Carcinogenicity:

It is uncertain whether manganese is or is not carcinogenic. In one study, manganese
chloride administration was associated with lymphosarcomas in 67 percent of treated
mice, compared with 24 percent of controls. In another study, intraperitoneal injections

of manganous sulfate at 660 mg/kg into mice over a period of 30 weeks resulted in a
slight elevation of ling tumor incidence. Based upon presently available evidence, it is

inappropriate to evaluate manganese as a human carcinogen (ATSDR, 1989).

Teratogenicity (and other reproductive effects):

Although deficiencies of manganese may result in developmental defects, it is uncertain
whether excessive manganese can exert teratogenic effects (ATSDR, 1989).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Manganese is not classifiable as to human carcinogenicity (Group D), based on
insufficient data for both human and animal studies.

EPA Dose-Response Parameters (IRIS, 1994):
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Carcinogenic Effects:

No carcinogenic dose-response parameters have been promulgated for manganese.

Noncarcinogenic Effects:

ORAL RFD SUMMARY:

ORAL RFD (WATER): 5E-3 mg/kg-day
CRITICAL EFFECT/TARGET ORGAN: CNS effects

ORAL RFD (FOOD): 1.4E-1 mg/kg-day

CRITICAL EFFECT/TARGET ORGAN: No observed adverse effects

*Conversion Factors:

Assuming a water consumption of 2 L/day and a body weight of 70 kg, is equivalent to
0.005 mg/kg-day. The water RfD assumes a separate dietary intake of manganese, as this
essential element is found in varying amounts in all diets.

ORAL RFD UNCERTAINTY: UF = 1
The information used to determine the RfD for manganese in food was taken from many
large populations consuming normal diets over an extended period of time with no
adverse health effects. Humans exert an efficient homeostatic control over manganese

such that body burdens are kept constant with variations in diet. It is recognized that
manganese is an essential element, being required for normal human growth and

maintenance of health. It has also been suggested that children are less susceptible to

manganese intoxication and may require slightly higher levels of manganese than do

adults. The available information providing a chronic NOAEL in many cross-sections of
human populations, taken in conjunction with the essentiality of manganese warrants an

uncertainty factor of 1.

ORAL RFD MODIFYING FACTOR : MF = 1
The modifying factors are 1 for both the dietary RfD and the drinking water RfD.
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ORAL RFD CONFIDENCE:
Study -- Not applicable

Data Base -- medium
RfD -- medium

Many studies have reported similar findings with regard to the normal dietary intake of
manganese by humans. These data are considered to be superior to any data obtained
from animal toxicity studies, especially as the physiologic requirements for manganese
vary quite a bit among different species, with man requiring less than rodents (Schroeder
et al., 1966). There is no one study used to derive the dietary RfD for manganese. While
several studies have determined average levels of manganese in various diets, no
information is available to indicate toxic levels of manganese in the diet of humans.

Because of the homeostatic control humans maintain over manganese, it is not considered
to be very toxic when ingested with the diet. Confidence in the data base is medium and
confidence in the dietary RfD for manganese is also medium.

It is again emphasized that this oral RfD is based on a total dietary intake of manganese

and is not intended to be applied directly to drinking water situation. Because of the
greater bioavailability of manganese from water, a separate RfD for w a t e r i s
proposed. This is based on the Greek epidemiologic study by Kondakis et al. (1989).
This study has several strengths in that it examined a sensitive subpopulation of humans

exposed to varying concentrations of manganese in the drinking water for a lifetime.
Although the actual manganese content in the diet was not measured in the study, the
author did indicate that the people in the three areas were age-matched, had similar social,
economic and educational backgrounds and the food consumed by these subjects were
purchased at the marketplace and were not expected to vary much in manganese content.
The confidence in the critical study can be considered low-to-medium. Confidence in the

data base can also be considered medium-to-low. The Greek study is supported by the
more severe effects occurring at higher levels in the Japanese study (Kawamura et al.,
1941) and the study in rhesus monkeys (Gupta et al., 1980). Overall confidence in the
drinking water RfD can be considered medium-to-low.

INHALATION RFD SUMMARY:
INHALATION RfD: 5E-5 mg/cu.m

CRITICAL EFFECT/TARGET ORGAN: Impairment of neurobehavioral function.
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INHALATION RFD UNCERTAINTY:
An uncertainty factor of 1000 reflects 10 to protect sensitive individuals, 10 for use of

a LOAEL, and 10 for database limitations reflecting both the less-than-chronic periods

of exposure and the lack of developmental data, as well as potential but unquantified

differences in the toxicity of different forms of Mn.

INHALATION RFD MODIFYING:
MF -- None

INHALATION RFD CONFIDENCE:

Study -- Medium

Data Base -- Medium

RfC -- Medium

Confidence in the principal studies (Roels et al., 1987, 1992) is medium. Neither of the
principal studies identified a NOAEL for neurobehavioral effects, nor did either study
directly measure particle size or provide information on the particle size distribution. The
1992 study by Roels et al. did provide respirable and total dust measurements, but the

1987 study measured only total dust. These limitations of the studies are mitigated by
the fact that the principal studies found similar indications of neurobehavioral dysfunction,

and these findings were consistent with the results of other human studies (Mergler et al.,

1993; Iregren, 1990; Wennberg et al., 1991, 1992; as well as various clinical studies). In

addition, the exposure history of the workers in the 1992 study by Roels et al. was well
characterized and essentially had not changed over the preceding 15 years, thereby

allowing calculation of integrated exposure levels for individual workers. However,
individual integrated exposures were not established in the 1987 study of Roels et al. data

base is medium. The duration of exposure was relatively limited in all of the principal and
supporting studies, ranging from means of 5.3 and 7.1 years in the co-principal studies

by Roels et al. (1992 and 1987, respectively) to a maximum of 16.7 years in the study

by Mergler et al. (1993). Moreover, the workers were relatively young, ranging from

means of 31.3 and 34.3 years in the co-principal studies (Roels et al., 1992 and 1987,
respectively) to a maximum of 46.4 years (Iregren, 1990). These temporal limitations raise

concerns that longer durations of exposure and/or interactions with aging might result in
the detection of effects at lower concentrations, as suggested by results from studies

involving longer exposure durations and lower concentrations (Mergler et al., 1993;
Iregren, 1990). In addition, except for the 1992 study by Roels et al., in which Mn

exposure was limited to MnO2, the other principal and supporting studies did not specify
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the species of Mn and the proportions of the different compounds of Mn to which

workers were exposed. It is not clear whether certain compounds or oxidation states of

Mn are more toxic than others. Thus, it is not possible to distinguish the relative toxicity

of different Mn compounds in these studies, despite some indications in the literature
regarding the differential toxicity of various oxidation states of Mn. Although the primary

neurotoxicological effects of exposure to airborne Mn have been qualitatively well

characterized by the general consistency of effects across studies, the exposure-effect

relationship remains to be well quantified, and a no-effect level for neurotoxicity has not

been identified in any of these studies thus far. Finally, the effects of Mn on development
and reproduction have not been studied adequately. Insufficient information on the

developmental toxicity of Mn by inhalation exposure exists, and the same is true for

information on female reproductive function. The study of the reproductive toxicity of

inhaled Mn in males also needs to be characterized more fully. Reflecting medium

confidence in the principal studies and medium confidence in the data base, confidence

in the inhalation RfC is medium.
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L.13 MERCURY

1. Occurrence and Use

Mercury (Hg) heavy metal which can exist in three forms: elemental, inorganic and
organic compounds. There are both natural and anthropogenic sources of mercury,
including normal degassing of the earth's crust, mining, smelting, industrial discharge,
paper pulp industries, pesticides and the burning of fossil fuels. As much as one third of
atmospheric mercury may be due to industrial release of organic and inorganic forms.

II. Physical and Chemical Properties of Elemental Mercury

Molecular Weight 201.00'

Water Solubility, mg/I 0.OE+00 2

Vapor Pressure, mm Hg 2.OE-033

Bioaccumulation Factor for Fish 2.OE+05 4

Bioaccumulation Factor for Shellfish 2.OE+054

Source: 'Multi-Media Exposure Assessment Manual, 1989
2Weast, 1979
3EPA, 1981
4Napier et al., 1980

III. Environmental Fate and Transport

Methyl mercury which is formed in sediments following industrial discharge of mercury
has been shown to cause serious deleterious effects to both human health and the environ-
ment because of its ability to bioaccumulate. Methyl mercury is stable in the aquatic
environment and is taken up by fish in the food chain, which may eventually result in
exposure to humans. A very famous outbreak of methyl mercury poisoning occurred in
the Minamata Bay area of Japan, where mercury containing effluent from a vinyl chloride
production process emptied into the bay from a nearby factory, causing contamination of
fish and shellfish. Humans and animals eating fish experienced central nervous system
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disorders characterized by degeneration and death of nerves in the focal areas of the

cerebral cortex (i.e. the largest part of the brain), loss of vision, speech impairment, and
deafness. In the United States, there is concern over contamination of Mercury in the
region of the Great lakes.

IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation

Exposure from soil and water may either be to elemental, inorganic, or organic mercury
compounds. For exposure to biota or sediments under reducing (oxygen deficient)
conditions, exposure to the more toxic organic species are generally predominant.

Principle routes of exposure include atmospheric via the inhalation of elemental mercury
vapor, and ingestion of methyl mercury in water and food. In humans, elemental and

inorganic mercury compounds are efficiently absorbed following inhalation exposure but
poorly absorbed following oral exposure (EPA, 1984). Once absorbed, mercury is
generally distributed about the body, binding to the sulfhydryl groups of many proteins.
Mercury is excreted in the urine and feces. Small quantities go into the hair and other
routes, including the exhaling of some elemental mercury (Carson et al., 1987).

V. Acute Toxicity

Acute mercury poisoning is usually caused by the soluble inorganic salts. Early signs and
symptoms include pharyngitis, dysphagia, abdominal pain, nausea and vomiting, bloody
diarrhea, and shock. Later swelling of the salivary glands, stomatitis, loosening of the
teeth, nephritis, anuria, and hepatitis occur. Death results from the effects of the
gastrointestinal tract (ulcerations, bleeding, shock) and/or kidney (Carson et al., 1987).

VI. Chronic Toxicity

The occupational exposure of workers to elemental mercury vapors (0.1 to 0.2 mg/m3) has
been associated with mental disturbances, tremors and gingivitis (EPA, 1984). The
central nervous system is a major target for organic mercury compounds. Adverse effects
in humans from exposure to organic mercury compounds have included the destruction

of cortical cerebral neurons, damage to Purkinje cells and lesions of the cerebellum.
Clinical symptoms following exposure to organic mercury compounds have included
paresthesia, loss of sensation in extremities, ataxia, and hearing and visual impairment
(WHO, 1976).
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A primary target organ for inorganic mercurials is the kidney. Human exposure to
inorganic mercury compounds has been associated with anuria, polyuria, proteinuria and

renal lesions (Hammond and Beliles, 1980).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Both organic and inorganic compounds are reported to be mutagenic in eukaryotic

systems (Leonard et al., 1984).

Carcinogenicity:

There is no definitive evidence reported in the literature indicating that either organic or

inorganic mercury is carcinogenic by the ingestion, inhalation, or dermal pathways
(ATSDR, 1989, Toxicological Profile for Mercury, PB90-181256). One positive study
involving the ingestion pathway has been reported. Dietary exposure of mice to 15 ppm
of methyl mercury in their diet resulted in renal tumors in 13 of 16 males, but in no
females, surviving after 53 weeks. Eleven of the tumors in males were classified as

adenocarcinomas and two as adenomas (EPA, 1985, Drinking Water Criteria Document
for Mercury. Cincinnati, Environmental Criteria and Assessment Office, ECAO-CIN-025,

EPA-600/X-84-178-1).

Teratogenicity

Embryotoxic and teratogenic effects, including malformations of the skeletal and
genitourinary systems, have been observed in the offspring of animals exposed to organic
mercury (EPA, 1984).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Mercury is not classified as a human carcinogen (Group D), based on insufficient data in
animals, and no human data.
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EPA Dose-Response Parameters:

No carcinogenic or noncarcinogenic dose-response parameters are reported in IRIS for
Mercury. HEAST (1993) reports an oral chronic and subchronic RfD of 3.OE-04

mg/kg/day, and an inhalation chronic and subchronic RfC of 3.OE-04 mg/cm3.
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L.14 NICKEL

I. Occurrence and Use

Nickel (Ni) is a naturally occurring metal in the earth's crust and known to exist in at
least 4 valence states. The water soluble nickel salts (+2 state) are the most common

form, while other nickel compounds include nickel carbonyl, nickel subsulfide and Nickel
dust. Typical levels of nickel in soils range from approximately 6 to 60 ppm (Kabata-
Pendias and Pendias, 1986).

Nickel (Ni) is an important element used for electroplating coatings for turbine blades,

helicopter rotors, extrusion dyes, coinage, ceramics, storage vessels, batteries, and
electronic circuits as well and as in the production of steel and many other alloys.

II. Physical and Chemical Properties of Nickel

Molecular Weight 59.001

Water Solubility, mg/I 0.OE+002

Vapor Pressure, mm Hg 0.OE+003

Bioaccumulation Factor for Fish 1.OE+02 4

Bioaccumulation Factor for Shellfish 1.OE+02 4

Source: 'Multi-Media Exposure Assessment Manual, 1989
2 Weast, 1979
3Callahan et al., 1979
4Napier et al., 1980

III. Environmental Fate and Transport

IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation
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The major source of human exposure is in the workplace by inhalation of dust and fumes

and skin contact, but it can also affect the general populations by ingestion of
contaminated food stuffs and drinking water, usually in the form of nickel salts.

Nickel compounds can be absorbed following inhalation, ingestion. Dermal absorption
results in allergic reactions only at the sites of skin contact. The amount absorbed

depends on the dose administered and on the chemical and physical form of the particular

nickel compound (EPA, 1986). The principal tissues and organs to which nickel and its

compounds are distributed have been reported to include kidneys, pituitary glands, lings,
skin, adrenal glands, ovaries, and testes. Major routes of excretion have been studied in

rats, which indicate that the principal route of elimination is the urine. Other routes of
excretion include the bile, sweat, hair and mother's milk (ATSDR, 1989).

V. Acute Toxicity

Noncarcinogenic effects of nickel exposure include nausea, fever, lung inflammation and

respiratory failure following acute incidences, as well as contact dermatitis (skin rashes).
Adverse effects associated with acute exposure in animals have included depressed weight
gain, altered hematological parameters, and increased iron deposition in the blood, heart,

liver and testes (EPA, 1987).

VI. Chronic Toxicity

Chronic ingestion of nickel-containing foods increases the risk of developing skin rashes.
Studies performed in animals to estimate the long-term effects of nickel exposure showed

a decrease in body and organ weights of rats (may be indicative of disease), as well as

a decrease in their appetite.

Chronic or subchronic exposures of experimental animals to nickel salts have been

associated with reduced weight gain, degenerative lesions of the male reproductive tract,

asthma, nasal septal perforations, rhinitis, sinusitis, hyperglycemia, decreased prolactin
levels, decreased iodine uptake, and vasoconstriction of the coronary vessels (Clayton and

Clayton, 1981).
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VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Results of mutagenicity assays suggest that nickel is mutagenic. Nickel carbonate caused

DNA strand breaks, and reduced the fidelity of DNA replication. In mammalian cells,

nickel Chloride produced mutations in Chinese hamster V79 and ovary cells, as well as

in mouse lymphoma cells. At least ten investigations of nickel causation of chromosomal
aberrations have been conducted, with four positive results in cells of mice, hamsters, and

humans, and six negative studies in cells of humans, mice and rats (ATSDR, 1989).

Carcinogenicity:

It has been known for over 40 years that inhalation of nickel is associated with the
development of lung, nasal and respiratory cancer. However, an evaluation of the

carcinogenicity soluble salts of nickel, which are possible contaminants of soil, water,

food, has not been performed.

Inhalation exposure of experimental animals to nickel carbonyl or nickel subsulfide

induces pulmonary tumors (EPA, 1986). Several nickel salts cause localized tumors when
administered by subcutaneous injection or implantation. Epidemiological evidence
indicates that inhalation of nickel refinery dust and nickel subsulfide is associated with

cancers of the nasal cavity, lung, larynx, kidney and prostate (EPA, 1986).

Teratogenicity:

Nickel can cross the placental barrier, but there is no definitive evidence of teratogenicity.
Nickel carbonyl was teratogenic in rats; i.v. doses of NiCI2 (1 to 6.9 mg/kg) on single

days 7 through 11 was teratogenic in mice (Carson et al., 1987).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Nickel refinery dust and nickel subsulfide (the compound used in this risk assessment)
for conservatism by inhalation are both categorized in Group A - Human Carcinogens.
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EPA Dose-Response Parameters (IRIS, 1994):

ORAL RFD SUMMARY:
ORAL RFD : 0.02 mg/kg/day
CRITICAL EFFECT : Decreased body and organ weights in rats

ORAL RFD UNCERTAINTY:

UF = 300. An uncertainty factor of 10 is used for interspecies extrapolation and 10 to

protect sensitive populations. An additional uncertainty factor of 3 is used to account for
inadequacies in the reproductive studies (RTI, 1987; Ambrose et al., 1976; Smith et al.,
1990) (see Additional Comments section). During the gestation and postnatal

development of Flb litters in the RTI (1987) study, temperatures were about 10 degrees
F higher than normal at certain times, which makes evaluation of this part of the
reproductive study impossible. In the Ambrose et al. (1976) study, statistical design
limitations included small sample size and use of pups rather than litters as the unit for
comparison. There were also problems with the statistical analysis of the Smith et al.
(1990) study.

ORAL RFD MODIFYING FACTOR:
MF = 1.

ORAL RFD CONFIDENCE:

Study: Low
Data Base: Medium

RfD: Medium

The chronic study (Ambrose et al., 1976) was properly designed and provided adequate
toxicological endpoints; however, high mortality occurred in the controls (44/50).
Therefore, a low confidence is recommended for the study. The data base provided
adequate supporting subchronic studies, one by gavage and the other in drinking water
(Po animals of the RTI subchronic study, 1986). A medium confidence level in the data
base is recommended since there are inadequacies in the remaining reproduction data.

INHALATION RfD SUMMARY:

No inhalation RfD is available for nickel -from IRIS (1994).
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L.15 SILVER

I. Occurrence and Use

Silver occurs naturally as a free metal, but is most widely distributed as an alloy in the
forms of Ag2 S (argentite), AgCl (cerargerite), and as Ag3As (silver arsenide). Silver is
often found as an impurity in the ores of zinc, copper, and lead. It also exists in
combination with sulfides of copper, arsenic, and antimony. Almost all soils, sea water
and some fresh waters contain traces of silver (H.G. Petering and C.J. McClain, 1991, in
Metals and their Compounds in the Environment: Occurrence, Analysis, and Biological

Relevance. edited by Ernest Merian, VCH publishers, New York.) Typical levels of silver
in natural soils range from 0.04 to 1.0 mg/kg (Kabata-Pendias and Pendias, 1986).

Major uses of silver include electroplated ware, sterling ware, photographic materials,
brazing alloys and solder, and electrical contacts and conductors. Minor uses include

jewelry, dental and medical supplies, batteries, catalysts, and bearings (Carson et al.,
1987). The toxicity of silver compounds is generally considered to be moderate, although
large doses of silver compounds may have serious effects (EPA 1980).

II. Physical and Chemical Properties of Silver

Molecular Weight 108.00

Water Solubility, mg/l 0.OE+00

Vapor Pressure, mm Hg 0.OE+00

Bioaccumulation Factor for Fish 2.3E+00

Bioaccumulation Factor for Shellfish 7.7E+02

Source: Multi-Media Exposure Assessment Manual, 1989

Ill. Environmental Fate and Transport

Silver resulting from anthropogenic activities is widely distributed in the environment.

Its occurrence in rain water may permit transport to remote places in the ecosystem. This
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source could account for the finding of silver in many sewage sludges in measurable
amounts. Sludges in the USA have been found to be high enough in silver to increase
the silver in sludge-amended soils ten-fold. Silver is present in plants in the range of 0.06
to 0.28 jig/g dry weight. In fungi and bacteria silver is present in amount of about 29 to
210 pg/g respectively. Aquatic plants tend to concentrate silver form their environments
several hundred-fold (Petering and McClain, 1991).

IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation

Silver may enter the body via the respiratory tract, the gastrointestinal tract, mucous or
broken skin and possibly by absorption through intact skin. Up to 10% of a single oral
dose of silver is absorbed. Absorption from nonintact skin is believed less than 1%. The
amount of silver administered, its chemical form, and the route by which it is
administered affect the tissue content and distribution of silver within the body (Furchner

et al., 1968). It is retained by all body tissues. The primary sites of deposition in persons
never having taken silver for therapeutic reasons are the liver, skin, lungs, adrenals,
muscle, pancreas, kidney, heart and spleen. Silver is also deposited in blood vessel walls,
testes, pituitary, nasal mucuous membrane, maxillary antra, trachea and bronchi (Sax,
1963).

. V. Acute Toxicity

Acute toxic effects associated with silver compounds can occur in humans under unusual,
and unusually intense, exposure scenarios, such as in intentional or accidental poisoning,
which differs qualitatively and quantitatively from environmental exposure scenarios.
Large acute doses of silver salts in humans attempting suicide have produced severe
abdominal pain, rigidity, vomiting, convulsions, and shock. Autopsies of fatal attempts
have revealed pulmonary edema, hemorrhage, and necrosis of the bone marrow, liver, and
kidney. Pulmonary edema was observed in animals administered intravenous injections
of 32 mg/kg silver nitrate (ATSDR, 1989).

VI. Chronic Toxicity

Generalized argyria, localized argyria and argyrosis (argyria of the eye) are the most
common effects of chronic and less frequently subacute human exposure to silver or silver
compounds. Generalized argyria is characterized by a slate gray pigmentation of the skin,
hair, and internal organs and used by deposition of silver in the tis',ues (Goyer, 1986).
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VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity:

Silver compounds have been reported to be non-mutagenic in a variety of bacterial test
systems, for example, in Escherischia coli, Salmonella typhimurium, and Bacillus subtilis

(ATSDR, 1989).

Carcinogenicity:

There is insufficient evidence that silver is carcinogenic to either humans or animals

(ATSDR, 1989).

Teratogenicity:

There is no evidence available in the literature to indicate whether or not silver or silver

compounds may exert adverse developmental effects.

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Silver is not classifiable as to human carcinogenicity (Group D), Based on insufficient

data. In animals, local sarcomas have been induced after implantation of foils and discs

of silver. However, the interpretation of these findings has been questioned due to the

phenomenon of solid-state carcinogenesis in which even insoluble solids such as plastic

have been shown to result in local

fibrosarcomas.

EPA Dose-Response Parameters:

Carcinogenic Effects:

No dose-response parameters have been promulgated for carcinogenic response to

cadmium.
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Noncarcinogenic Effects:

ORAL RfD SUMMARY:
RfD : 5E-3 mg/kg/day
CRITICAL EFFECT/TARGET ORGAN: Argyia in humans following chronic exposure.

ORAL RFD UNCERTAINTY:
UF = 3. An uncertainty factor of 3 is applied to account for minimal effects in a
subpopulation which has exhibited an increased propensity for the development of argyria.
The critical effect observed is a cosmetic effect, with no associated adverse health effects.
Also, the critical study reports on only 1 individual who developed argyria following an

i.v. dose of 1 g silver (4 g silver arsphenamine). Other individuals did not respond until
levels five times higher were administered. No uncertainty factor for less than chronic
to chronic duration is needed because the dose has been apportioned over a lifetime of
70 years.

ORAL RFD MODIFYING FACTOR:
MF = 1.

ORAL RFD CONFIDENCE:

Study: Medium
Data Base: Low
RfD: Low

The critical human study rates a medium confidence. It is an old study (1935) which

offers fairly specific information regarding the total dose of silver injected over a stated
period of time. One shortcoming of the study is that only patients developing argyria are
described; no information is presented on patients who received multiple injections of

silver arsphenamine without developing argyria. Therefore, it is difficult to establish a
NOAEL. Also, the individuals in the study were being treated for syphilis and may have
been of compromised health.

Confidence in the data base is considered to be low because the studies used to support
the RfD were not controlled studies. For clinical case studies of argyria (such as
Blumberg and Carey, 1934; East et al., 1980), it is especially difficult to determine the
amount of silver that was ingested.
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Confidence in the RfD can be considered low-to-medium because, while the critical effect
has been demonstrated in humans following oral administration of silver, the quantitative
risk estimate is based on a study utilizing intravenous administration and thus necessitates
a dose conversion with inherent uncertainties.
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. L.16 THALLIUM

1. Occurrence and Use

Thallium is widely distributed in rock formations and soils containing potassium feldspars

and micas. Its crustal abundance is about 1 mg/kg (Kazantzis, 1986). Thallium is also

found in potash, in association with lead and zinc in fossil fuels. Air levels reported from

Nebraska ranged from 0.04 to 0.48 ng/m3 (Kazantzis, 1986). Concentrations of 0.7 to 88
mg/1 have been reported in river water draining a metal mining area in New Brunswick

(Kazantzis, 1986). Contamination of drinking water may occur in the vicinity of copper,

zinc, and cadmium mining, smelting, and refining operations. Typical dietary intake of

thallium in humans has been estimated at about 2 mg/day, based on the sparse data

available (Kazantzis 1986).

Thallous sulfate was used on a large scale as a rodenticide, but has been replaced with

less toxic substances. Seventy percent of the thallium produced currently is used in the

production of photoelectric cells, lamps, semiconductors, and scintillation counters
(Kazantzis 1986).

OII. Physical and Chemical Properties of Thallium

Molecular Weight 204.38

Solubility mg/i in water OOE+00

Bioaccumulation Factor for Fish

Bioaccumulation Factor for Shellfish

Source: TOMES DATABASE

III. Environmental Fate and Transport

Thallium is released into the atmosphere from industrial operations such as coal-fired

power plants, smelting operations, and cement factories. Following release, thallium can
either be inhaled, or settle from the atmosphere and contaminate surface water or soil.

Because plants take up thallium, the primary nonoccupational sources of thallium

0
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exposure are through the consumption of fruits and vegetables grown in contaminated soil
and through the use of tobacco products (ATSDR 1991). Although thallium is normally
detected in the urine of humans (<2.0 jig/l), it is not considered an essential element and
no known metabolic functions have been described (Hui 1983; Goyer 1986; Tietz 1986).

IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation

Soluble thallium is readily absorbed through the gastrointestinal tract. Thallium is

somewhat unique among the metals in that it can penetrate the skin and produce serious
poisonings (Carson et al. 1986). Following its absorption, thallium uptake into the
circulatory system is rapid. Thallium is quickly distributed from the blood to the tissues.
The primary routes of thallium excretion for animals and humans are the urine and feces.

Thallium is also deposited into hair and nails of both humans and animals, and these are
considered important sources of elimination. Other minor routes of thallium elimination

include tears, saliva, and milk (Prick et al. 1955; Richelmi et al. 1980). Highest
concentrations following exposure are found in the kidney and urine with lesser amounts
in the intestines, thyroid, testes, pancreas, skin, bone, and spleen (Hammond and Beliles,
1980).

V. Acute Toxicity

Symptoms associated with acute poisoning in humans include gastrointestinal irritation,

liver and kidney damage, pulmonary edema, degeneration of the adrenals, peripheral
system, and central nervous system disorders, and severe ocular effects (Carson et al.

1986). In mammals, toxic effects of a high acute dose are delayed for 12 hours to 2 days,
while neurological symptoms may not appear for 2 to 5 days (Carson et al. 1986). The
estimated lethal dose for humans is 8 to 12 mg/kg (USEPA 1985; Hammond and Beliles,

1980).

VI. Chronic Toxicity

In chronic poisoning, the most striking feature is hair loss (alopecia). Although this does
not always occur even at high exposures, it is usually associated with daily intakes of
10 to 20 mg/day (Carson et al. 1986). This characteristic phenomenon of thallium
poisoning is probably the result of cessation of cell proliferation in the fair follicles
(Kazantzis 1986). Human chronic exposures have been characterized by fatty infiltration
Snd necrosis of the liver, nephritis (kidney inflammation), gastroenteritis, pulmonary
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edema, degenerative changes in the adrenals, degeneration of peripheral and central
nervous system, alopecia, and in severe cases, death (Hammond and Beliles 1980). These

cases are usually the result of food contamination or the use of thallium as a depilatory
(hair remover).

In experimental studies with rats, chronic thallium poisoning results in hair loss, cataracts,
and hind leg paralysis (Hammond and Beliles 1980). Renal (kidney) lesions were
observed at necropsy with histologic changes noted in the proximal and distal kidney
tubules (Hammond and Beliles 1980). Additionally, degenerative changes were noted in
liver and kidney mitochondria.

VII. Mutagenicity, Carcinogenicity, Teratogenicity

Mutagenicity

Very little data is available, but thallium salts have shown a marked antimitotic activity

on mammalian, avian and plant cells. Thallium actively induces chromosome breaks in
pea plants (Carson et al. 1986).

Carcinogenicity

Thallium was reported to be carcinogenic in an early animal study Where chronic oral and
cutaneous (skin) doses of thallium salts in mice produced tissue degeneration, papillomas,
precancerous lesions, and cancers of the female genital tract (Carson et al. 1986).
Experimental details and the incidence of lesions and mortality were not reported. Recent
review literature have not identified thallium as carcinogenic. Also, the EPA has not
evaluated the carcinogenicity of thallium (USEPA 1990).

Teratogenicity

Carson et al. (1986) indicated that the reproductive effects of thallium have been judged
to be no worse than other general cellular toxins. However, thallium does exert an
alteration on fetal development and fetal mortality (Carson et al. 1986). Offspring of
female rats fed 2.5 mg/kg/day of thallium sulfate showed poor bone development (Carson
et al. 1986).
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VIII. EPA Carcinogenic Classification and Dose-Response Estimates

Carcinogenic Effects

There is insufficient evidence to classify thallium as a carcinogen. The USEPA has not
evaluated the carcinogenicity of thallium; therefore, no dose-response estimates have been
computed (USEPA 1990).

Noncarcinogenic Effects

The USEP has derived an oral reference dose (RfD) of 8.0 x 10-5 mg/kg/day based upon
a 90-day gavage study involving rats administered thallium sulfate at doses of 0, 0.1, 0.05
and 0.25 mg/kg/day (USEPA 1990). A NOAEL (no-observed-adverse-effect-level) of
0.25 mg/kg/day was identified in this study. Higher doses produced increased SPGOT
(blood enzymes indicative of liver damage) and alopecia. An uncertainty factor of 3,000
was incorporated to account for uncertainties in extrapolating animal data to humans
(factor of 10), to address sensitive human subgroups (factor of 10), to extrapolate from
a subchronic to a chronic exposure (factor of 10), and an additional factor of three was
incorporatedto compensate for the insufficiency of available reproductive and chronic
toxicity data (USEPA 1990).

An inhalation RfD appears to be currently unavailable for thallium; therefore the
noncarcinogenic effects of inhaled thallium were not quantitatively evaluated in this
assessment.

Oral Reference Dose: 8.OE-05 (mg/kg/day) (USEPA 1992).

Dose-Response Parameter Estimation

The dose-response parameter estimates of carcinogens and noncarcinogens are computed
differently by he USEPA; therefore, these estimates are presented separately below.

0
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. L.17 VANADIUM

I. Occurrence and Use

Vanadium is a naturally occurring element in the earth's crust. Typical levels in
pristine soils range from 60 to 110 mg/kg (Kabata-Pendias and Pendias, 1986).
Vanadium also occurs naturally in fuel oils and coal. In the environment it is
usually combined with other elements such as oxygen, sodium, sulfur, or chloride.
The forms of vanadium most likely to be found at hazardous waste sites are not
will known. One man-made form, vanadium oxide is most often used by industry,
mostly in making steel. Much small amounts are used in making rubber, plastics,
ceramics, and certain other chemicals (ATSDR, 1991).

II. Physical and Chemical Properties of Vanadium

Molecular Weight 50.94

Water Solubility, mg/l 0.OE+00

Bioaccumulation Factor for Fish 1.OE+01

Bioaccumulation Factor for Shellfish 3.OE+03

Source: Multi-Media Exposure Assessment Manual, 1989

III. Environmental Fate and Transport

The global biogeochemical cycling of vanadium is characterized by releases to the
atmosphere, water, and land by natural and anthropogenic sources, long-range
transportation of particles in both air and water, wet and dry deposition,
adsorption, and complexing. Vanadium generally enters the atmosphere as an
aerosol. Anthropogenic releases of vanadium to the atmosphere are in the form
of simple or complex vanadium oxides. Vanadium transported within the
atmosphere is eventually transferred to soil and water on the earth's surface by
wet and dry deposition and dissolution in sea water. Eventually, in the course of
biogeochemical movement between soil and water, these particulates are adsorbed
to hydroxides or associated with organic compounds and are deposited on the sea
bed. The most likely way for vanadium to get into the environment is when fuel
oil is burned. Anthropogenic releases of vanadium to the air account for
approximately two-thirds of all vanadium emissions (ATSDR, 1991).

IV. Routes of Exposure, Absorption, Distribution, Transport, and Degradation

The general population is exposed to background levels of vanadium primarily
through ingestion of food. Workers in industries processing or using vanadium
compounds are commonly exposed to higher than background levels via the
inhalation pathway. Exposure through inhalation is also of importance in urban

0
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cities burning large amounts of residual fuel oil. Other populations possibly
exposed to higher than background levels include those ingesting foodstuffs
contaminated by vanadium-enriched soil, fertilizers, or sludge. Population in the
vicinity of vanadium-containing hazardous waste sites may also be exposed to
higher than background levels (ATSDR, 1991).

Absorption of vanadium compounds through the lungs is estimated to be about 25
percent for soluble compounds, while ingested vanadium is more poorly absorbed,
on the order of 2-3 percent (ICRP, 1960). The largest storage compartment in the
body is fat, followed by, and to a lesser extent, bone and teeth (Goyer, 1986).
The principal tissues and organs to which vanadium and its compounds are
distributed have been reported to include fat, bone, teeth and lungs. Most
absorbed vanadium is excreted in the urine within one day following long-term
moderate exposure to the dust (ATSDR, 1991).

V. Acute Toxicity

Acute exposure of human volunteers to 0.1 to 1 mg/m3 of vanadium pentoxide
stimulates mucous secretions and coughing (Carson et al., 1986). Acute vanadium
exposures in animals generally produce effects on the nervous system, hemor-
rhage, paralysis, and respiratory depression (Goyer, 1986).

VI. Chronic Toxicity

A hypersensitivity reaction has been reported in individuals repeatedly exposed.
Occupationally exposed individuals experienced respiratory tract irritation, dermal
disorders, sneezing, sore throat, chest pain, and conjunctivitis (eye irritation)
(Lagerkvist et al., 1986). Chronic exposure to high concentrations of airborne
vanadium is believed to lead to chronic bronchitis, chronic rhinitis (nasal
inflammation), and pharyngitis (inflammation of the pharnyx) (Lagerkvist et al.,
1986). The formation of allergy-like eczematous skin is associated with chronic
respiratory exposures in humans and animals (NAS, 1977). Kiviluoto (1980)
investigated radiographs and pulmonary function test results of exposed and
unexposed workers and found that there was no difference between unexposed
workers and those with long-term occupational exposure to vanadium. However,
they did note that exposed workers complained more frequently of wheezing. In
animals, fatty changes and partial necrosis of the liver was observed following
long-term inhalation exposure to vanadium pentoxide, trioxide and chloride
(Lagerkvist et al., 1986). There is no evidence of chronic oral toxicity (NAS,
1977).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

Mutagenicity and Carcinogenicity:

There is no evidence that vanadium compounds are mutagenic, nor are they
considered to be carcinogenic (Lagerkvist et al., 1986)
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Teratogenicity:

Very little data is available on the reproductive and developmental effects of
vanadium compounds. However, two reports have reported skeletal abnormalities
in offspring of hamsters and mice injected with vanadate during mid-gestation
(Carlton et al., 1982, Wide, 1984).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

The EPA has not classified Vanadium in terms of carcinogenicity.

EPA Dose-Response Parameters:

There are no dose-response parameters for Vanadium reported in IRIS (1994).
HEAST 1993 reports oral RfDs of 7.OE-03 mg/kg/day for vanadium, 9.OE-03
mg/kg/day for vanadium pentoxide, and 2.OE-02 mg/kg/day for vanadium sulfate.
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L.18 ZINC

Occurrence and Use

Zinc is an essential element (i.e., necessary for normal functioning of the human
body) which is ubiquitous in the environment and is present in most food stuffs,
water and air. Natural levels of zinc in soils range from 20 to 110 mg/kg
(Kabata-Pendias and Pendias, 1986).

Zinc is used industrially in the manufacture of automotive components, builder's
hardware, domestic appliances, industrial agricultural and commercial machinery,
electric components, sporting goods and toys, scientific equipment and audio and
television equipment (Clayton and Clayton, 1981).

II. Physical and Chemical Properties of Zinc

Molecular Weight 65.38'

Water Solubility, mg/l NA

Bioaccumulation Factor for Fish 2.OE+032

Bioaccumulation Factor for Shellfish 1.OE+042

Sources: 'Multi-Media Exposure Assessment Manual, 19892Napier et al., 1980

NA = Not available

III. Environmental Fate and Transport

The primary sources of zinc in the environment (air, water, and soil) are related to
metallurgic wastes from smelter and refining operations. Releases to surface and
groundwater are probably the greatest source of zinc in the ambient environment. Zinc
is not volatilized to any significant extent, but is primarily deposited on sediments as a
result of discharge from industrial operations and weathering processes. Zinc has a
tendency to settle out of the water column and adsorb to sedimentary material. Severe
zinc contamination thus tends to be confined to sources of emission. Small amounts of
the metal (relative to water emissions are released to the atmosphere, primarily as a result
of the handling of dry raw and concentrated ore at zinc production facilities and lead
smelting factories. Zinc released to the atmosphere is often converted to a stable species
such as zinc oxide. Most of the zinc released to the environment partitions to water, soil,
and sediments (ATSDR, 1989).

The principle route of human exposure is by inhalation of zinc fumes in the workplace,
and by ingestion of the metal in food and water by the general population. Zinc is
efficiently absorbed in humans following oral exposure; however, insufficient data are
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available to evaluate absorption following inhalation exposure (ATSDR, 1989). Zinc can
also enter the body via inhalation of zinc dust or fumes from zinc-smelting or -welding
operations. The amount of zinc that passes directly through the skin is relatively small.
The most important route of exposure near hazardous waste sites is likely to be through
the drinking of zinc contaminated water. Normally, zinc is excreted in the urine and
feces.

V. Acute Toxicity

Ionic zinc is poorly absorbed, but acidic salts containing zinc are corrosive to the skin and
gastrointestinal tract. Ingestion of 2 grams or more of zinc produces toxic symptoms in
humans. Zinc sulfate in these amounts irritates the gastrointestinal tract and causes
vomiting. Acidic beverages made in galvanized containers have produced mass
poisonings. Fever, nausea, vomiting, stomach cramps, and diarrhea develop 3 to 12 hours
after ingestion (Carson et al., 1987).

VI. Chronic Toxicity

The long-term health effects of oral exposure to zinc have been studied in rats. A 2-year
dietary study using zinc cyanide demonstrated a decrease in weight gains, thyroid
malfunction, and nerve degeneration. Oral administration of zinc phosphide in a 13-week
study resulted in loss of appetite, loss of weight, hair loss, and degeneration of liver,
kidney and brain.

Chronic and subchronic inhalation exposures of humans to zinc have been associated with
gastrointestinal disturbances, dermatitis and metal fume fever, a condition characterized
by fever, chills, coughing, dyspnea and muscle pain (ATSDR, 1989). Chronic oral
exposure of humans to zinc may cause anemia and altered hematological parameters.
Reduced body weights have been observed in studies in which rats were administered
high levels of zinc in the diet (ATSDR, 1989).

VII. Mutagenicity, Carcinogenicity, and Teratogenicity

There is no evidence that zinc is mutagenic, carcinogenic or teratogenic (ATSDR, 1989).

VIII. EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification:

Zinc is not classifiable as to human carcinogenicity (Group D), based on inadequate
evidence in humans and animals.

EPA Dose-Response Parameters (IRIS, 1994):

Carcinogenic Effects:

The EPA has not promulgated any carcinogenic dose-response paru.imeters for zinc.
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Noncarcinogenic Effects:

ORAL RfD SUMMARY:
RfD : 0.3 mg/kg/day
CRITICAL EFFECT/TARGET ORGAN : 47% decrease in erythrocyte superoxide
dismutase concentration in human female adults after 10 weeks of zinc exposure.

ORAL RFD UNCERTAINTY:
UF -- An uncertainty factor of 3 was used, based on a minimal LOAEL from a
moderate-duration study of the most sensitive humans and consideration of a substance
that is an essential dietary nutrient.

ORAL RFD MODIFYING FACTOR:
MF-- 1.

ORAL RFD CONFIDENCE
Study -- Medium
Data Base -- Medium
RfD -- Medium

The level of confidence in the studies is medium since they are well-conducted clinical
studies with many biochemical parameters investigated but only few numbers of humans
were tested. The confidence in the overall database is medium since these studies are all
of short duration. Medium confidence in the RfD follows.

Via the dermal route, patients died after antiscabies ointment containing chromium (VI)
was applied to the skin (Brieger 1920). Symptoms included necrosis at the application
site, nausea, vomiting, shock and coma. Autopsies revealed tubular necrosis and
hyperemia of the kidney. Other reviews of death after dermal exposure to chromium
compounds include Major (1922) and Fritz, et al., (1959). It is important to note that these
cases involved damaged rather than intact skin.
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ADDENDUM FOR CHEMICAL AGENT



. 1.0 TOXICITY ASSESSMENT

A toxicological profile for chemical agents mustard, lewisite, VX, GB, and GA was compiled

from using information from two reference sources: the RCRA Facility Assessment, Edgewood

Area, APG, MD and Southwest Research Institute, Final Report on The Environmental

Decomposition of Chemical Warfare Agents. This profile addresses the chemical properties,

environmental fate, general mode of action, and literature toxicity values for agent. The

information below is a synposis of the material contained in these review articles.

1.1 Mustard (HD)

1.1.1 Chemical and Physical Properties

Mustard (ClCH2CH2)2S is the common name for the blistering agent bis(2-chloroethyl)thioether

or bis(chloroethyl)sulfide. Commercial sulfur mustard (H) is more toxic than distilled mustard

(HD). H is usually comprised of a mixture of homologs with the C1C 2H4S moiety. Oxygen

mustard (T) or 1,2 bis(2-chloroethylthio)ether, is another important sulfur mustard agent that has

been identified as a possible contaminant at formerly used defense sites (FUDS)(USACMD

1993). The mixture of HD and T is known as HT, which is the most common mustard mixture

consisting of 60% HD and 40% bis [2(2-chloroethylthio)ethyl]ether (T) by weight (US Army

Edgewood Arsenal 1974). HT has a greater persistence in the environment, a lower freezing

point and is m6re stable than HD (USA FM 3-9 1975).

Pure mustard has a molecular weight of 159.08 (Kibler 1942, Windholz et al. 1983), melting

point of 14.4 0C and boiling point of 217 0C. Mustard decomposes above temperatures of 180 0C.

When mustard cools it solidifies to form prisms. Vapor pressures for mustard have been reported

as 0.11 mm Hg at 20'C (Kibler, 1942), 0.11 mm Hg at 250C (US Army Edgewood Arsenal

1974), and 0.090 mm Hg at 30 0C (Windholz et al. 1983). Mustard was normally used by itself

in chemical munitions, but some work was done with mixtures of mustard and other chemicals.

The composition of distilled mustard used in chemical agent munitions is roughly H 92%; free

sulfur, 7.4%; FeC12 0.5%; HCL 0.11%; aluminum, 0.01%; nickel 0.0025%; and copper 0.0004%

(PMCD 1988).
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Mustard is not a highly water soluble compound (920 mg/L at 220C as reported by Northrop

1942; and US Army Edgewood Arsenal, 1974). Mustard is rapidly hydrolyzed in water, with the

rate of solvation determining the environmental behavior of the chemical. The hydrolysis of H is

pH dependent, with reversible reactions taking place in acidic solutions and decomposition

accelerated in neutral and basic mediums. The hydrolysis rate of mustard varies depending on the

concentration and mixing rate. Small (1984) reported half-lives for mustard of 7.4 to 15.8

minutes at 20°C, and from 3.9 to 8 minutes at 250C. Sides et al. (1981) reported a half-life for

HD of 4.9 minutes at pH 9.5 and 25°C. The calculated hydrolysis rate in freshwater is 2.5 times

faster than in seawater (Rosenblatt et al. 1975).

Because the rate of solvation determines the hydrolysis rate, slow solvation rates can inhibit the

decomposition of HD in natural environments. In dilute aqueous solutions, thiodiglycol (TDG)

is the dominant byproduct, while in situations of limited water, the TDG reacts with the

intermediates to form the toxic intermediates HD-TDG, HD-2TDG, and CH-TDG (Rosenblatt et

al. 1975). The linear polymers polymers are biologically active and. display much of the same

vesicant properties as HD.

Mustard is soluble in most oils and organic solvents, including alcohol, acetone, ether, kerosene,

tetrachloroethane and carbon tetrachloride. Mustards will react vigorously with oxidizing agents

and may be ignited. Mustard has a log Kow of 1.37 and Koc of 133, indicating that it would be

more attracted to soil organics and clays than would its hydrolysis products, which all have much

lower Kow and Koc values. Decomposition products include hemi-mustard (HD CH);

thiodiglycol(TDG); 2-chloroethyl vinyl sulfide(CVS); mustard sulfoxide (HO); mustard sulfone

(H02); 2-chloroethyl vinyl sulfoxide divinyl sulfoxide (CVSO); Divinyl sulfoxide (DVSO); 2-

Hydroxyethyl vinyl sulfide (HVS); Divinyl sulfone (CVSO2); Bis (2-hydroxyethyl)-2-(2-

chloroethylthio) ethyl sulfonium (HD-TDG); Bis-2-(bis(hydroxyethyl)- sulfonium ethyl sulfide

(HD-2TDG); Bis-2(bis(2-hydroxyethyl)-sulfonium ethyl) sulfide (HD-2TDG); Bis (2-

hydroxyethyl)-2-(2-hydroxyethylthio) ethyl-sulfonium chloride (CH-TDG); 1,4 dithiane (DT);

and 1,4 oxathiane (OT); and HDLP (HD linear ploymer).
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1.1.2 Environmental Fate

The persistence of mustard in soil is determined by the soil type, concentration of mustard, depth

of contamination and climatic conditions. Surface soil contamination may persist for weeks, and

in deeper soils it may retain contamination for years. The persistence of mustard in soil and

marsh sediments is affected by the composition of the waste mixture. If sulfur is present in the

waste mixture, it will increase the persistence of mustard in the environment for decades, until

the site is disturbed. The predominant mechanism controlling the persistence of mustard in

surface soils is evaporation. This route of loss will be minimal for subsurface contamination or

for agents inside partially ruptured munitions. The ability of mustard vapor to migrate through

soils is not known. Rosenblatt et al. (1975) observed that clays are not effective as a barrier to

HD vapor. Under situation of inadequate mixing, TDG, HD polymers and/or other TDG

sulfonium salts would concentrate at the surface of HD and inhibit the dissolution of HD and

subsequent hydrolysis.

Mustard will not normally migrate to groundwater due to the relatively rapid hydrolysis of the

chemical once it is in solution. An exception to this rule is the situation in which liquid mustard

is released in a karst or fractured rock environment and it enters the ground water system as

liquid or suspended droplets. In many instances the temperature of ground water is below the

freezing point of mustard. 1,4-Dithiane and 1,4 thioxane are contaminants that have been

detected in ground water from the vicinity of Old O-field at APG-EA. The intermediates and

byproducts produced from the hydrolysis of mustard (such as thiodiglycol) are water soluble and

would be expected to migrate away from the initial site of contamination. Mustards can remain

stable under water for years if there is little turbulence or mixing (Sanches 1993, Trapp 1985;

Franke 1982). The solvation of mustard will be significantly retarded by the formation of

polymers at the water surface under quiescent conditions, and by the concentrations of

thiodiglycol in the surface/water interface Pockets of pure mustard have been found under water.

The slow rate of solvation can inhibit the decomposition of the chemical in natural

environments. Due to the physical and chemical properties of mustard, it would rarely be a

potential ground-water contaminant. Mustard is not expected to be a long term surface water
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contaminant, but it can could persist for hours to days to weeks in a surface water system.

Persistence in sediment would be greater than water.

Thiodiglycol is miscible in water and would be expected to be mobile in both surface and ground

water. In areas where there is infiltration of water into the soil, thiodiglycol may be leached from

soils and enter the ground water system. Due to its properties of biodegradability, low to

moderate toxicity, thiodiglycol is normally not a contaminant of concern.

Complete thermal decomposition of mustard yields sulfur dioxide, carbon dioxide, hydrogen

chloride, and water (Yurrow 1981). Products that result from decomposition of mustard at

temperature as low as 180'C include: dithiane, 1,2-dichloroethane, ethylene, hydrogen chloride,

and 2,2-dischloroethyldisulfide. At higher temperature vinyl chloride and hydrogen sulfide are

also formed (Williams 1947; Cheselske 1970).

1.1.3 Toxicity

Mustard is a dangerous vesicant. Exposure to vapor produces conjunctivitis and may cause

blindness. Exposure my also cause edema, ulceration, and necrosis of the respiratory tract and

exposed skin. The mortality rate from exposure is low, but permanent eye damage and severe

respiratory impairment may result. The intravenous LD50 in rats and mice has been measured at

3.3 and 8.6 mg/kg respectively (Windholz et al. 1983) and in rabbits at 1.1 mg/kg (Sax 1984).

The median lethal vapor concentration is 0.209 mg/L for a 10 minute exposure to mice, and 0.05

mg/L for a 30 minute exposure to dogs (Kibler 1942). Sax (1984) reports the lowest published

lethal concentrations (inhalation) for humans as 23 ppm for a 10 minutes exposure, and 64 mg/kg

for dermal exposure. The effects of exposure to mustard are delayed, with symptoms appearing

from 1 to more than 24 hours after exposure. Mustard must be removed from the skin

immediately after exposure if effects are to be minimized. Mustard is also a suspected

carcinogen of the lungs and larynx (Sax 1984).

Toxicity of hydrolysis products are rat (oral LD10 of 250 mg/kg for bis-2(bis(2-hydroxyethyl)-

sulfonium ethyl) sulfide dichloride, and guinea pig (oral) LD5 0 of 3960 mg/kg for thiodiglycol
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. (National Academy of Sciences, 1953; PMCD 1988). Reported toxicity's of decontamination

products mustard sulfoxide and mustard sulfone are rat LDI0 of 150 mg/kg and cat/rabbit

(inhalation LDI 0 of 1430 mg/m3/10 min (Ishidate et al. 1952; PMCD 1988).

A number of the short-lived hydrolysis and dechlorination products of HD can still produce toxic

effects. Thiodiglycol appears to produce signs of toxicity similar to glycols. The sulfone and

sulfoxide oxidation products of thiodiglycol are considered non-toxic but are vesicant.

Dechlorination of the sulfone produces divinyl sulfone which is highly toxic if injected and can

cause eye irritation and tearing. Thiodiglycol is reported to have low toxicity (Hawlet 1981).

Sax (1984) reported a median lethal dose of 3000 mg/kg intravenously in rabbits, 3960 mg/kg

orally in guinea pigs, and 4000 mg/kg SQ in rats.

Mustards can penetrate into materials such as rubber, plastics, wood and concrete and still retain

its toxic properties. Therefore, unless decontaminates can penetrate into the materials, the hazard

of vapor exposures and skin contact will still remain. Chemical decontaminates used for mustard

include: monoethanolamine (MEA), DS-2 ,CD-1, and NaOH. Thermal methods can be used to

destroy mustard.
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1.2 Lewisite (L)

1.2.1 Chemical and Physical Properties

Lewisite (C2H2AsC13) is the common name for the vesicant agent dichloro(2-chlorovinyl)arsine.

Other names include 2-chlorovinyldichloroarsine, beta-chlorovinyldichloroarsine and

chlorovinylarsinedichloride (Hawlet 1981). Commercial lewisite products contain isomers of

dichloro-2-chlorovinylarsine, tris(2-chlorovinyl)arsine, bis(2-chlorovinyl)chloroarsine, and

arsenic trichloride (Sanches 1993). The manufactured product contains impurities, the most

significant of which are dichlorovinylchloroarsine and arsenic trichloride. Lewisite has a

molecular weight of 207.32 (Kibler 1942; Windholz et al. 1983), and a vapor pressure of 0.39

mm Hg at 200C, 0.087 mm Hg at 0°C and 0.58 mm Hg at 250C. The range in the vapor pressure

is due to differences between the cis and trans isomers.

Similar to mustard, lewisite has a rapid rate of hydrolysis in both water and alkalies, with the rate

of solution determine it aqueous properties (Buswell et al. 1944; Hawley 1981; Kibler 1942;

Windholz et al. 1983). Solubility in water and dilute mineral acids is very low. Lewisite is

soluble in most ordinary organic solvents, including polar and non-polar hydrocarbon solvents

such as alcohol, gasoline and chlorocarbons (Kibler 1942; Windholz et al. 1983). The hydrolysis

of lewisite is complex with a number of reversible reactions. Dissolved lewisite hydrolyzes

rapidly in weak alkaline solutions promoting the formation of the arsine oxide. Lewisite is

readily volatile.

Lewisite is an unstable compound partly due to the dichloroarsine group (AsC12) and the vinyl

double bond. Stabilizers are normally added to prevent the decomposition of lewisite in

munitions due to its interactions with iron. The environmental degradation products of lewisite

include LOH (Dihydroxy-2-chlorovinylarsine); LO (2-Chlorovinyl Arsenic oxide); Lox (LO

polymer), and LA (2-Chlorovinyl arsonic acid), and sodium arsinite.
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1.2.2 Environmental Fate

In soil, lewisite can undergo hydrolysis, oxidation, or can form polymerization products, all of

which will tend to increase the persistence of the remaining product. In soil, lewisite readily

vaporizes or reacts with moisture to form lewisite oxide (chlorovinylarsine oxide), even under

ard conditions. Under certain conditions where protected from environmental degradation

processes, lewisite and/or lewisite oxide could persist for decades in the soil. Lewisite in soil is

more persistent than mustard, which is probably due to the slow oxidation of lewisite to

inorganic arsenic (Rosenblatt 1975).

In the aquatic environment, lewisite is hydrolyzed to lewisite oxide (water solubility 1.2%).

Lewisite and lewisite oxide are not persistent contaminants in surface water or ground-water

systems. Lewisite oxide is more persistent than the parent compound, but long term

environmental impacts would be primarily related to the inorganic arsenic degradation products.

Lewisite oxide can be further hydrated in water to form the dihydroxyarsine of lewisite.

Contamination of groundwater with lewisite or its oxide, could occur under situations involving

karst and/or fractured rock. Ground water contamination could occur for certain of the more

soluble inorganic degradation products of lewisite. Lewisite and its associated organic arsenicals

would normally be a significant long term consideration only near the point of release. Lewisite

oxide can be microbially oxidized to 2-chlorovinyl arsonic acid. Both can be transported to

ground water or leached by precipitation.

1.2.3 Toxicity

Lewisite is a powerful vesicant, lung irritant and systemic poison. The trivalent arsenic is the

toxic moiety in lewisite, and it produces toxic effects similar to the sulfur and nitrogen mustards.

Lewisite is absorbed rapidly through the skin and causes injury upon contact (Franke 1982).

Methyl and ethyl dichloroarsines cause both skin necrosis and a general toxic effect due to the

trivalent arsenic. Lewisite is absorbed more rapidly than mustard and the skin damage is more

extreme; however, healing of the injury takes place more quickly (Franke 1982). Dermal

exposure to as little as 0.5 ml of lewisite may result in enough absorption to cause severe. systemic effects and 2 ml of lewisite may cause death (Windholz et al. 1983). Lewisite is also
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hydrolyzed to 2-chlorovinylarsine oxide, which is a blood toxin and skin irritant (Franke 1982).

Hydrolysis of lewisite produces dihydroxyarsine and arsine oxide which are approximately as

toxic as the parent compound.

Ingestion of lewisite produces the following symptoms immediately: severe salivation, nausea,

vomiting, and bloody diarrhea, which can lead to death within a few hours. Systemic arsenic

intoxication can also occur. The median concentration in air which causes faint irritation and is

detected by humans is 0.0111 mg/L (Kibler 1942). In experimental studies, 10 minute exposures

for mice, and 30 minute exposures for dogs produced a median lethal concentrations in air of

0.045 mg/L (Kibler 1942). Lewisite is a recognized carcinogen (Sax 1984). In water, lewisite

oxide is very toxic to aquatic life.

Lewisite oxide can cause skin damage as well as be absorbed into the bloodstream where it

produces systemic effects typical of arsenical compounds. 2-chlorovinyl arsonic acid (oxidation

product of lewisite oxide) has markedly reduced toxicity.
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1.3 GB

1.3.1 Chemical and Physical Properties

GB (C4H10P0 2F) is a potent cholinesterase inhibitor that refers to the chemical isopropyl

methylphosphonofluoridate. Sarin is the common name. Other chemical names for GB include

methylisopropoxyfluorophosphine oxide; methylphosphonofluoride acid, isopropyl ester;

methylphosphonofluoridic acid, 1-methylethyl ester; and isopropoxymethylphosphoryl fluoride.

The composition of GB that was used in chemical agent munitions is roughly: GB 93%; n,n'-

diisopropylcarbodiimide (DICDI), 4%; tributylamine (TBA), 1.95%; methyl difluoride, 0.5%;

hydrogen fluoride, 0.2%; hydrogen chloride, 0.1%; iron, 0.05%; nickel 0.0025%; and copper,

0.0004% (PMCD 1988). The DICDI and TBA are stabilizers which are not a part of all GB

formulations.

GB is a liquid which has a molecular weight of 140.09 (Windholz et al. 1983) and vapor

* pressures of 0.52 mm Hg at 0°C, 2.10 mm Hg at 20'C (Crabtree and Sarver 1977) and 2.9 mm

Hg at 250C (US Army 1975). The boiling point of GB is 147 "C at 760 mmHg (Windholz et al.

1983). GB has a relatively high water solubility (Windholz et al 1983; Crabtree and Sarver

1977), medium log Kow and Koc, and is soluble in many organic solvents (US Army Edgewood

Arsenal 1974). Under acidic conditions decomposition of GB produces hydrolysis products such

as methyl phosphonic acid and isopropylmethylphosphonic acid (Crabtree and Sarver 1977;

Epstein 1974; US Army 1975; Larsson 1957). The hydrolysis of GB is temperature and pH

dependent and is accelerated by acids at pH levels below 4.0 and by bases at pH levels above 6.5

(Epstein 1974). Above a pH 6, hydrolysis reactions (in an unbuffered system) may be self-

limiting due to production of the weak acids isopropyl methylphosphonic acid (pKa = 1.96) and

HF (pKa = 3.14). Below the neutral pH region, the reaction will be accelerated by the production

of these acid byproducts and the resulting lowered pH of the system (Epstein 1974; Buckles

1947). Isopropyl alcohol is a hydrolysis product of GB under acidic conditions (US Army 1975;

US Army Edgewood Arsenal 1974). The compound 1,3-diisopropylurea is a hydrolysis product

of VX and GB stabilizer DIPC (Small 1984; PMCD 1988).
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1.3.2 Environmental Fate

In moist and wet soils, GB will undergoes hydrolysis as in water. Hydrolysis products detected

in soils, include o-isopropyl methyl phosphonate, methylphosphonic acid and the impurity

diisopropyl methyl phosphonate (ATSDR 1988). GB is also very volatile, so that material

spilled onto the soil will be lost by evaporation. In subsurface situations, GB vapor may migrate

through the soil. Sinkensen (1952) reported the half life of GB adsorbed to soil as 4 hours

(200C).

GB has a relatively high water solubility, and will be mobile in both surface water and ground-

water systems. Based on the chemical's log Kow and Koc values, it would not be expected to be

leached by precipitation or transported by groundwater, as would its degradation products IMPA

and PMPA. GB undergoes rapid hydrolysis in the aquatic environment, so it would not be

expected to be a long term contaminant of concern. In one study using a dynamic flow system,

fifteen percent of the applied GB was hydrolyzed after 20 minutes. The rapid hydrolysis reduces

the potential for vapor migration and/or evaporation. Decomposition products of GB are more

water soluble than the parent compound and have a lower affinity for organics.

Trace levels of metals in natural water systems can significantly accelerate the hydrolysis of GB.

Metals such as magnesium, copper, cobalt, manganese, cerium, aluminum, iron and calcium may

participate in catalytic reactions and accelerate the hydrolysis of the chemical (Epstein and

Rosenblatt 1958; Epstein and Mosher 1968; Epstein 1974). This catalytic effect is also observed

with metal-organo chelates. Comparison of hydrolysis rates (t112) in seawater (0.4 hour at pH 7.9)

and distilled water (approximately 7.5 hours at pH 8.0) illustrates this point. The pH will affect

the hydrolysis of the metals themselves. Because of the non-persistence and low toxicity of its

degradation products, GB will have only short term impacts on health and the environment.

1.3.3 Toxicity

GB is a potent cholinesterase inhibitor which is hazardous through inhalation, ingestion and

dermal exposures. The lethal dose for man has been reported as low as 0.01 mg/kg (Windholz

1983; Sax 1984). GB can enter the body through respiration of the vapor, absorption through the
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skin, or through ingestion of contaminated water or food. Death usually occurs within 15

minutes after a fatal dosage is absorbed (US Army 1975). The dermal median lethal dose for

humans is 28 mg/kg and the lowest reported dermal toxic dose for humans is 0.1 mg/kg (Sax

1984). The affects of exposure to cholinesterase inhibiting chemicals is cumulative over short

term periods. The body's cholinesterase enzymes are restored to normal over a period of weeks

or several months (US Army Edgewood Arsenal 1974). The reported toxicity of the hydrolysis

product isopropylmethylphosphonic acid for the rat (oral: male/female) LD 50 of 7650/6070

mg/kg and mouse (oral:male/female) LD50 of 5620/6550 mg/kg (Mecler 1981; as cited in PMCD

1988).
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1.4 VX

1.4.1 Chemical and Physical Properties

VX (C1 1H26NO2PS) refers to the chemical O-ethyl S-(2-diisopropylaminoethyl) -

methylphosphonothioate. Other chemical name is beta-diisopropylaminoethylmercapto-o-

ethylmethylphosphonothioate (Epstein et al. 1973). Composition of VX includes: VX 93%;

pyrodiester, 3%; NN'-diisopropylcarbodiimide (DICDI) or dicyclohexylcarbodiimide, 2.5%;

free mercaptan, 1%; H 2SO 4 , 0.3%; free sulfur, 0.14%; aluminum, 0.01%; nickel, 0.0025%; and

copper, 0.0004% (PMCD 1988).

VX has a molecular weight of 267.38 (US Army 1975) and vapor pressure of 0.0007 mmHg at

250C. The boiling point of VX is 298°C, but it decomposes at elevated temperatures with tl/2 of

1.6 hours at 200'C, 4 minutes at 2500C and 36 seconds at 2950C. VX is completely miscible

with water at temperatures below 9.40C. At normal ambient temperatures, the solubility is

relatively low (7.5 g/1OOg water at 150C; Crabtree and Sarver, 1977). The hydrolysis of VX is

very slow except at very high pHs. In neutral aqueous solutions, the tj/2 for hydrolysis of VX

exceeds 2,300 hours at 25°C (Epstein et al., 1974). At higher pH's, the hydrolysis is markedly

increased, the tj/2 increases to 16 minutes at a pH of 13 (USA FM 3-9, 1975). VX is soluble in

organic solvents.

The decomposition products of VX are pH dependent. Under acidic conditions (below pH 7),

ethyl methyl phosphonic acid and mercaptide ion are formed. From pH 7 to 10, cleavage of the

P-S, O-C, and S-C bonds produces ethyl methyl phosphoric acid, S-

diisopropylaminoethylmethylphosphothioic acid (or the unprotonated -thioate), S-

diisopropylaminoethylmercaptan, and ethanol. Above pH 10,

bis(diisopropylaminoethane)sulfide is formed from the reaction of ethyleneimmonium ion and

mercaptan. The decomposition products of environmental relevance include: DESH

(Diisopropylaminoethyl mercaptan), EMPA (ethyl methylphosphonic acid), EMPS (Ethyl

methylphosphonothioic acid); DEOH (Diisopropylaminoethanol); DE2S (Bis(2-

diisopropylaminoethyl)sulfide); DES2 (Bis(2-diisopropylaminoethyl) disulfide); DDP (Diethyl
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. dimethylpryophosphonate); EA2191 (S-(2-diisopropylaminoethyl) methylphosphonothioate);

MPA (Methylphosphonic acid); DCPA N-Chlorodiisopropylamine); IPCA (N-

Chloroisopropylamine), DIPAE (Diisopropylaminoethyl); DIPC (Diisopropylcarboiimide);

DIPU (1,3 Diisopropylurea) (Southwest Research Institute, 1994).

1.4.2 Environmental Fate

In both soil and water, VX is moderately persistent. Volatilization is a minor route of loss as

compared to GB. Vemeij and Boter (1976) found that only 0.1% of VX applied to soil remained

after 3 weeks. The degradation pathway produced ethyl methyl phosphonic acid (EMPA) which

is slowly deesterified to methylphosphonic acid (MPA). Kaaijk and Friklink (1977) applied

radiolabbeled VX to humic sands and reported that at day 8, VX was almost completely

degraded, with the major byproduct being bis(2-diisopropylaminoethyl)disulfide (DES2). DES

was not ruled out as a decomposition product, since DES was rapidly oxidized to DES2 in soil

and during the extraction process. The calculated t1/2 was 54 hours, which is substantially less. than that found in aqueous systems. At Dugway Proving Ground, Utah, analysis of soil samples

which had been previously contaminated with VX showed only MPA, which was detected down

to a depth of 102 cm, due to the leaching action of the annual precipitation (Small 1984).

In aqueous environments, VX is miscible in water, is moderately persistence and can be mobile

in surface water and ground-water systems. Persistence is dependent on both pH and

temperature, with a hydrolysis half life of days to weeks under normal conditions. VX is

degraded in aqueous systems, with the initial hydrolysis product being EA2191 which has a

toxicity comparable to VX, while the other hydrolysis products are non-toxic (Forsman et al.

1979). At pH 7.2, EA 2191 can build up to 40% from the hydrolysis of VX

The decomposition products of VX are generally more water soluble than the parent compound

with the exception of DE2S and DES2 which both have a high log Kow and would preferentially

bind to soil organics. In samples taken from areas previously highly contaminated with VX at

DPG, only MPA, a slow hydrolysis product of EMPA could be found. Some environmental
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degradation products also exhibit cholinesterase inhibiting activity, but at much lower levels than

VX itself.

1.4.3 Toxicity

VX is a very potent inhibitor of cholinesterase enzymes. Exposure can be through breathing of

the vapor, skin contact, or ingestion of contaminated water or food. ; and death will usually

occur within 15 minutes after a fatal dosage is absorbed (US Army 1975). The affects of sub-

lethal exposures are cumulative as with other cholinesterase inhibiting chemicals; detoxification

with the body will occur over a period of days and months. Estimated median lethal doses for

man are 0.008 mg/kg IV), 0.012 mg/kg (IM) and 0.135 mg/kg percutaneous (US Army

Edgewood Arsenal, 1974). The estimated median lethal respiratory dosage for man is 30 mg

min/m3 with a breathing rate of 15 1/min. Median incapacitating dosages for man are estimated

to be 0.0157 mg/kg (percutaneous, head and neck), and 24 mg min/m3 for inhalation (US Army

Edgewood Arsenal 1974). The reported toxicity of the hydrolysis products diisopropyl amino

ethanol is rat (oral) LD50 of 1070 mg/kg and rabbit (skin) LD50 of 450 mg/kg (Union Carbide

Data Sheet 1969; Smyth et al. 1954; as cited in PMCD 1988).
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1.5 GA

1.5.1 Chemical and Physical Properties

GA (CSH 1 1N2PO) is a military name for the anticholinesterase agent ethyl n,n-dimethyl

phosphoroaminocyanidate. Tabun is the common name for GA, which is a nonpersistent nerve

agent. GA has a molecular weight of 162.1, vapor pressure of 0.07 mm Hg at 250C and water

solubility of 50-100 g/L. Boiling point is 246°C. GA is a liquid which is soluble in water and

many organic solvents. The hydrolysis products of GA include: o-ethyl n,n-

dimethylphosphoramidate (EDPA); o-ethyl phosphorocyanidate (EPC); phosphoracyanidate

(PC); dimethylphosphoramidate (PA); and dimethylphosphoramidecyanidate (DMPAC).

1.5.2 Environmental Fate

Representative half-lives of GA in soils are as follows: 14 hours at pH 3; 2.5 hours at pH 5; and

2 hours at pH 9. GA is undergoes slow hydrolysis with water, but reacts fairly rapidly with

strong acid or alkalies. GA is unstable in neutral aqueous solutions which results in a decrease in

toxicity over time (Holmstedt, 1951). In the pH range of 4-5, the reported tl/2 of GA is 7 hours

(USA FM 3-9 1975), which is much shorter than the other G agents. The decomposition

products are slightly more soluble than GA and would be expected to be leached by precipitation

and groundwater.

1.5.3 Toxicity

GA is a lethal anticholinesterase agent which is approximately half as toxic as GB. GA has a

more irritating effect on the eyes than GB. Most of the decomposition products exhibit low

toxicity; however cyanide may be generated in basic solutions which could pose a serious health

hazard.
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Appendix Table M.1-1 SWMU 1 Worker Exposure Scenario: Risk Calculation Spreadsheet
(Sum of All Pathways)-Supporting Data for Text Table 5.1-14 Page 1 of 5

Exposure Scenario: Current Use
Exposed Population: Security Personnel Workers
Exposure Pathways: Soil Ingestion + Dermal Contact + Inhalation
Exposure Location: SWMU 1 (Interior for SI and DC pathways; SWMU I fenceline for inhalation exposure scenario)

Cancer Risk Calculations
RME Soil Oral Soil Ingestion (Oral) Dernal Inhalation Inhalation Total % of Risk

Concentration SF Cancer SF Cancer Slope Factor Cancer Cancer Total Ass. w/
S•il - k -vnAytday)l R" -mgtyada Rik Risk CR wkfa4

Aluminum 29,109.72
Arsenic. 16.13 :1.8$40 -L93E-07 9+00 3.9E- :.8 1.0,40 6.7E-09 9.9E-07 62.9% 1.7E-6
Barium 2,356.58

B....lium 0.65 :4.3E+00 9.4E-o8 4.3E11o 3.A-09':: 8.4E40 I.5E-09 9.9E-08 6.3% .4IE-07
Cadmium :15.12 -6.3E+00 2,6E-08 2.6E-08 1.7% 1.7E-09
Chromium III 340.91
ChromimnVI "37." " "4. ! ' 4"4E.07 4.4E..7 27.7% 2.9E-08
Chromium (Total) 378.79
Cobalt 9.34
Copper 574.08
Lead 144.42
Manganese 613.61
Mercury 0.05
Nickel 50.53 .. 7E+00 2.4E-08 2.4E-08 1.5% 9.IE-09
Silver 1.13
Thallium 25.70
Vanadium 23.86
Zinc 1,798.25
Cyanide (Total) 0.85

Pathway-Specific Totals- Ingestion: 1.OE-06 Dermal: 4.3E-08 Inhalation: 4.9E-07 1.6E-06 _

Noncancer Hazard Index Calculations

RME Soil Oral Soil Ingestior (Oral) Dermal Inhalation Inhalation Total % of HQ
Concentration RfD Hazard RID Hazard RfD Hazard Hazard Hazard Ass. w/

i mg~gk) LmgvkgLdaX) Quotienx (mg/gada Quotient Lm day) Quotient Ouoti e ndx Backgnd

Aluminum 29.109.72 1.OE+00 2.7E-03 1.GE+00 L.IE-04 2.8E-03 3.0% 1.7E-03
Arsenic 16.13 3.OE-04 5.0E-03 3.OE-04 2.IE-04 5.3E-03 5.6% 8.9E-03
Barium 2,356.M8 7.OE.02 3.2E-03 7.OE-02 1.3E.04 1.4E-04 1.3E-02 1.6F-02 17.0% 3.6E-03
Beryllium 0.65 5.OE-03 1.2E-05 5.OE-03 5.OE-07 1.3E-05 0.0% 1.7E-05
Cadmium 15.12 1.OE-03 1.4E-03 1.OE-03 5.8E-05 1.5E-03 1.6% 9.6E-05
Chromium III 340.91 1.0E+00 3.2E-05 1.OE+00 1.3E-06 3.3E-05 0.0% 2.2E-06
Chromium VI 37.88 5.OE-03 7.IE-04 5.OE-03 2.9E-05 7.4E-04 0.8% 4.9E-05
Chromium (Total) 378.79 0.OE+00 0.OE+00 O.OE+00 0.0E+00
Cobalt 9.34 0.0E+00 0.0E+00 0.0E+00 0.OE+00
Copper 574.08 3.7E-02 1.5E-03 3.7E-02 6.OE-05 1.5E-03 1.6% 6.6E-05
Lead 144.42 0.OE+00 0.0E+00 0.OE+00 0.OE+00 0.OE+00 0.OE+00
Manganese 613.61 IA.,01 4.1E.04 1.4E-Ol 1.7E,-05 1.4E-5 3.3E.02 3.3E-02 35.7% 3.6E-02
Mercury 0.05 3.OE-04 1.5E-05 3.OE-04 6.OE-07 8.6E-05 4.5E-07 1.6E-05 0.0% 2.7E-05
Nickel 50.53 2.OE-02 2.4E-04 2.OE-02 9.7E-06 2.5E-04 0.3% 9.5E-05
Silver 1.13 5.OE-03 2.IE-05 5.0E-03 8.7E-07 2.2E-05 0.0% 8.6E-06
Thallium 25.70 8.OE-05 3.OE-02 8.OE-05 .LIE-03 3.1E-02 33.4% 6.1E.02
Vanadium 23.86 7.0E-03 3.2E-04 7.OE-03 1.3E-05 3.3E-04 0.4% 3.2E-04
Zinc 1,798.25 3.OE-01 5.6E-04 3.OE-01 2.3E-05 5.9E-04 0.6% 3.4E-05
Cyanide (Total) 0.85 2.0E-02 4.0E-06 2.OE-02 1.6E-07 4.2E-06 0.0% -

Pathwa-§Specific Totals- Ingestion: 4.6E-02 Dermal: 1.8E-03 Inhalation: 4.6E-02 9.4E-021

SWMUI.XLS: PageD 7/10/94 2:10PM MI-1



Appendix Table M. 1-I a SWMU I Worker Exposure Scenario: Risk Calculation Spreadsheet
for Soil Ingestion Pathway Page 2 of 5

Exposure Scenario: Current Use Exposure Pathwa- Variables
Exposed Population: Security Personnel Workers CS (Chemical Concttrati = Surface Soil Data, SWMU I
Exposure Pathway: Soil Ingestion IR (Soil Ingestion Rate) = 100.0 mg/day
Exposure Location: SWMU 1 CF (Conversion Factor) = 0.000001 kg/mg

FI (Fraction Ingested) 1.00 (100%, unitless)
Intake and Risk Calculation Equations EF (Exposure Frequency) = 24 days/year
CDI (mg/kg/day) = (CS*IR*CF*FI*EF*ED)/(BW*AT) ED (Exposure Duration) f 25 years (per 70-yr lifetime)
Cancer Risk = CDI * Oral SF BW (Body Weight) = 70 kg
Hazard Quotient = CDI/RID AT (Averaging Tune, =

Carcinogenic Effects) f 25,550 days
AT (Noncarc Effects) = 9,125 days

Cancer Risk Calculations
RME Soil Soil Fraction Exposure Exposure Body Averaging Soil Ingestior Oral Soil Ingestion

Concentratiot Ingestion Ingested Frequency Duration Weight Time CDI SF Cancer
SolCO mg&) (m&Wayax (unitlesss (dayslyear) fyfaas LWg (days (mg 1aY)mg/kg~dax1 BzU tCont.

Aluminum 29,109.72 100 1.0 24 25 70 2.6E+04 9.8E-04
Arsenic 16.13 100 1.0 24 25 70 2.6E+04 5.4F-07 1.81+00 9.5E-07 91.0%
Barium 2,356.58 100 1.0 24 25 70 2.6E+04 7.9E-05
Beryllium 0.65 100 1.0 24 25 70 2.6E+04 2.2E-08 4.35+00 9.4E,-08 9.0%
Cadmium 15.12 100 1.0 24 25 70 2.6E+04 5.IE-07
Chromium I1 340.91 100 1.0 24 25 70 2.61+04 L.IE-05
Chromium VI 37.88 100 1.0 24 25 70 2.6E+04 1.3E-06
Chromium (Total) 378.79
Cobalt 9.34 100 1.0 24 25 70 2.6E+04 3.IE-07
Copper 574.08 100 1.0 24 25 70 2.6E+04 1.9E.-05
Lead 144.42 100 1.0 24 25 70 2.6E+04 4.8E-06
Manganese 613.61 100 1.0 24 25 70 2.6E+04 2.1E-05
Mercury 0.05 100 1.0 24 25 70 2.6E+04 1.6E-09
Nickel 50.53 100 1.0 24 25 70 2.6E+04 1.7E-06
Silver 1.13 100 1.0 24 25 70 2.6E+04 3.8E-08
Thallium 25.70 100 1.0 24 25 70 2.6E+04 8.6E-07
Vanadium 23.86 100 1.0 24 25 70 2.6E+04 8.0E-07
Zinc 1,798.25 100 1.0 24 25 70 2.6E+04 6.OE-05
Cyanide (Total) 0.85 100 1.0 24 25 70 2.6E+04 2.9E-08

Total Soil Ingestion Cancer Risk: 1OE-06

Noncancer Hazard Index Calculations
RME Soil Soil Fraction Exposure Exposure Body Averaging Soil Ingestior Oral Soil Ingestion

Concentratioi Ingestion Ingested Frequency Duration Weight Time CDI RfD Hazard %
Soil COC jag"z Lmgday) (unitrkss) (dayslyar) fyears (k) LW daxz Lingtkglay (.z&Ua) Quotien f

Aluminum 29,109.72 100 1.0 24 25 70 9.IE+03 2.7E-03 1.OE+00 2.7E-03 5.9%
Arsenic 16.13 100 1.0 24 25 70 9.IE+03 1.5E-06 3.OE-04 5.0E-03 10.9%
Barium 2,356.58 100 1.0 24 25 70 9.1E+03 2.2E-04 7.OE-02 3.2E-03 6.8%
Beryllium 0.65 100 1.0 24 25 70 9.IE+03 6.IE-08 5.01-03 1.2E-05 0.0%
Cadmium 15.12 100 1.0 24 25 70 9.1E+03 1.4E-06 1.0E-03 1.4E-03 3.1%
Chromium I1 340.91 100 1.0 24 25 70 9.1E+03 3.2E-05 1.OE+00 32E-05 0.1%
Chromium VI 37.88 100 1.0 24 25 70 9.IE+03 3.6E-06 5.0E-03 7.1E-04 1.5%
Chromium (Total) 378.79
Cobalt 9.34 100. 1.0 24 25 70 9.1E+03 8.8E-07
Copper 574.08 100 1.0 24 25 70 9.IE+03 5.4E-05 3.7E-02 1-5E-03 3.1%
Lead 144.42 100 1.0 24 25 70 9.1E+03 1.4E-05
Manganese 613.61 100 1.0 24 25 70 9.IE+03 5.8E-05 1.4E-01 4,1E-04 0.9%
Mercury 0.05 100 1.0 24 25 70 9.IE+03 4.4E-09 3.0E-04 1.5E-O5 0.0%
Nickel 50.53 i 30 1.0 24 25 70 9.1E+03 4.7E-06 2.0E-02 2.4E-04 0.5%
Silver 1.13 100 1.0 24 25 70 9.1E+03 1.1E-07 5.0E-03 2.IE-05 0.0%
Thallium 25.70 100 1.0 24 25 70 9.1E+03 2.4E-06 8.0E-05 3.05-02 65.1%
Vanadium 23.86 100 1.0 24 25 70 9.1E+03 2.2E-06 7.0E-03 3.2E-04 0.7%
Zinc 1,798.25 100 1.0 24 25 70 9.IE+03 1.7E-04 3.0E-01 5.6E-04 1.2%
Cyanide (Total) 0.85 100. 1.0 24 25 70 9.IE+03 8.OE-08 2.0E-02 4.OE-06 0.01%

SWMUI.XLS:PageA 7/10/94 2:10PM Soil Ingestion Hazard Index: 4.6E-02
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Appendix Table M.1-lb SWMU 1 Worker Exposure Scenario: Risk Calculation Spreadsheet
for Dermal Contact Pathway Page 3 of 5

Exposure Scenario: Current Use Exposure Pathway Variables
Exposed Populatior Security Personnel Workers CS (Chemical Concentratior, - Surface Soil Data, SWMU I
Exposure Pathway: Dermal Contact with Surface Soil CF (Conversion Factc = 1.OE-06 kg/mg
Exposure location: SWMU 1 SA (Skin Surface Are = 4,100 cm2/event

AF (Adherence Facto = 1.00 mg/cm2
Intake and Risk Calculation Equations ABS (Absorption Factor) = 0.001 (unitless)
Absorbed Dose (mglkg/day) = (CS*CF*SA*AF*ABS*EF*ED)/(BW*AT) EF (Exposure Frequency) = 24 days/year
Cancer Risk = Dermal CDI * (Oral) SF ED (Exposure Duration) = 25 years
Hazard Quotient = CDI/R=D BW (Body Weight) = 70 kg

AT (Averaging Time,

Carcinogenic Effects) = 25,550 days
AT (Noncarcinogenic Effects) = 9,125 days

Cancer Risk Calculations
RME Soil Skin Adherence Absorptior Exposure Exposure Body Averaging Dermal Oral Dermal

Conc. Surface Factor Factor Frequency Duration Weight Tine CDI SF Cancer

Soil COC Img&2) 'cm2/een (mgt/in2) (unile0 (dayzxu UmM OWg (AyW mi&Odua %mtd Ri ont.

Aluminum 000f"" 4,100 1.0 0.001 24 25 70 2.6E+04 4.OE-05
Arsenic 16.13 4,100 1.0 0.001 24 25 70 2.6E+04 2.2E-08 1.8E+00 3.9E-08 91.0%
Barium 2,356.58 4,100 1.0 0.001 24 25 70 2.6E+04 3.2E-06
Beryllium 0.65 4,100 1.0 0.001 24 25 70 2.6E+04 8.9E-10 4.3E+00 3.8E-09 9.0%
Cadmium 15.12 4,100 1.0 0.001 24 25 70 2.6E+04 2.IE-08
Chromium I1 340.91 4,100 1.0 0.001 24 25 70 2.6E+04 4.7E-07
Chromium VI 37.88 4,100 1.0 0.001 24 25 70 2.6E+04 5.2E-08
Chromium (Total) 378.79
Cobalt 9.34 4,100 1.0 0.001 24 25 70 2.6E+04 1.3E-08
Copper 574.08 4,100 1.0 0.001 24 25 70 2.6E+04 7.9E-07
Lead 144.42 4,100 1.0 0.001 24 25 70 2.6E+04 2.OE-07
Manganese 613.61 4,100 1.0 0.001 24 25 70 2.6E+04 8.4E-07
Mercury 0.05 4,100 1.0 0.001 24 25 70 2.6E+04 6.5E-11
Nickel 50.53 4,100 1.0 0.001 24 25 70 2.6E+04 7.OE-08
Silver 1.13 4,100 1.0 0.001 24 25 70 2.6E+04 1.5E-09
Thallium 25.70 4,100 1.0 0.001 24 25 70 2.6E+04 3.5E-08
Vanadium 23.86 4,100 1.0 0.001 24 25 70 2.6E+04 3.3E-08
Zinc 1,798.25 4,100 1.0 0.001 24 25 70 2.6E+04 2.5E-06
Cyanide (Total) 0.85 4,100 1.0 0.001 24 25 70 2.6E+04 1.2E-09

Total Dermal Contact Cancer Ris! 4.3E-08

Noncancer Hazard Index Calculations
RME Soil Skin Adherence Absorption Exposure Exposure Body Averaging Dermal Oral Dermal

Conc. Surface Factor Factor Frequency Duration Weight Time CDI RfD Hazard %
Soil COC (glkgl 'in2Iacnt (mgtLm2) (unitles.0 (dayxud (year (g (as) W id g~giday mgkgtdav Quoien C

Aluminum #W### 4,100 1.0 0.001 24 25 70 9.IE+03 I.IE-04 L.OE+00 I.IE-04 6.2%
Arsenic 16.13 4,100 1.0 0.001 24 25 70 9.1E+03 6.2E-08 3.OE-04 2.1E-04 11.4%
Barium 2,356.58 4,100 1.0 0.001 24 25 70 9.IE+03 9.1E-06 7.OE-02 1.3E-04 7.2%
Beryllium 0.65 4,100 1.0 0.001 24 25 70 9.IE+03 2.5E-09 5.OE-03 5.OE-07 0.0%
Cadmium 15.12 4,100 1.0 0.001 24 25 70 9.1E+03 5.8E-08 1.OE-03 5.8E-05 3.2%
Chromium III 340.91 4,100 1.0 0.001 24 25 70 9.1E+03 1.3E-06 1.OE+00 1.3E-06 0.1%
Chromium VI 37.88 4,100 1.0 0.001 24 25 70 9.1E+03 1.5E-07 5.OE-03 2.9E-05 1.6%
Chromium (Total) 378.79
Cobalt 9.34 4,100 1.0 0.001 24 25 70 9. IE+03 3.6E-08
Copper 574.08 4,100 1.0 0.001 24 25 70 9.IE+03 2.2E-06 3.7E-02 6.OE-05 3.3%
Lead 144.42 4,100 1.0 0.001 24 25 70 9.1E+03 5.6E-07
Manganese 613.61 4,100 1.0 0.001 24 25 70 9.IE+03 2.4E-06 1.4E-01 1.7E-05 0.9%
Mercury 0.05 4,100 1.0 0.001 24 25 70 9.IE+03 1.8E-10 3.OE-04 6.0E-07 0.0%
Nickel 50.53 4,100 1.0 0.001 24 25 70 9.IE+03 1.9E-07 2.OE-02 9.7E-06 0.5%
Silver 1.13 4,100 1.0 0.001 24 25 70 9.1E+03 4.3E-09 5.OE-03 8.7E-07 0.0%
Thallium 23.86 4,100 1.0 0.001 24 25 70 9.1E+03 9.2E-08 8.OE-05 I.IE-03 63.4%
Vanadium 23.86 4,100 1.0 0.001 24 25 70 9.IE+03 9.2E-08 7.OE-03 1.3E-05 0.7%
Zinc 1,798.25 4,100 1.0 0.001 24 25 70 9.IE+03 6.9E-06 3.OE-01 2.3E-05 1.3%
Cyanide (Total) 0.85 4,100 1.0 0.001 24 25 70 9.IE+03 3.3E-09 2.OE-02 1.6E-07 0.01%

Dermal Contact Hazard Inde 1,E-03

SWMUI.XLS:PageB 7/10/94 2:10PM
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Appendix Table M.l-lc SWMU 1 Worker Exposure Scenario: Risk Calculation Spreadsheet
for Soil Inhalation Pathway Page 4 of 5

Exposure Scenario: Current Use Exposure Pathway Variables
Exposed Population: Security Personnel Workers CA (Air Concenwratio = Estimated using methods in Appendix K

Exposure Pathway: Inhalation of SWMU 1 Surface Soil COC IR (Inhalation Rate) = 2.5 m3/hour
Exposure Location: SWMU 1 Fenceline (worst-case location ET (Exposure Time) = 0.5 hours/day

EF (Exposure Frequency) = 250 days/year
Intake and Risk Calculation Equations ED (Exposure Duration) = 25 years

CDI (mg/kglday) = (CA*IR*ET*EF*ED)/(BW*AT) BW (Body Weight) = 70 kg
Cancer Risk = CDI * Inhalation SF AT (Averaging Time,
Hazard Quotient = CDI/Inhalation RfD Carcinogenic Effects) = 25,550 days

AT (Noncarcinoienic Effects) = 9,125 days

Cancer Risk Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation:

Concentratior. Rate Tune Frequency Duration Weight Time CDI Slope Factor Cancer
S .CO .(mgm3) (/b ouro ay(d a u U f ) 'g& gdaj(mz&gt•la Risk i Con

Aluminum l.8E-03 2.5 0.5 250 25 70 2.6E+04 8.OE-06
Arsenic i.OE-06 2.5 0.5 250 25 70 2.6E+04 4.5E-09 1.5E+00 6.7E-09 1.4%
Barium 1.5E-04 2.5 0.5 250 25 70 2.6E+04 6.5E-07
Beryllium 4.1E-08 2.5 0.5 250 25 70 2.6E+04 1.8E-10 8.4E+00 1.5E-09 0.30%
Cadmium 9.5E-07 2.5 0.5 250 25 70 2.6E+04 4.2E-09 6.3E+00 2.6E-08 5.3%
Chromium III 2.2E-05 2.5 0.5 250 25 70 2.6E+04 9.4E-08
Chromium VI 2.4E-06 2.5 0.5 250 25 70 2.6E+04 1.OE-08 4.2E+01 4.4E-07 88.3%
Chromium (Total) 2.4E-05
Cobalt 5.9E-07 2.5 0.5 250 25 70 2.6E+04 2.6E-09
Copper 3.6E-05 2.5 0.5 250 25 70 2.6E+04 1.6E-07
Lead 9.1E-06 2.5 0.5 250 25 70 2.6E+04 4.OE-08
Manganese 3.9E-05 2.5 0.5 250 25 70 2.6E+04 1.7E-07
Mercury 3.2E-09 2.5 0.5 250 25 70 2.6E+04 l.4E-I I
Nickel 3.2E-06 2.5 0.5 250 25 70 2.6E+04 1.4E-08 1.7E+00 2.4E-08 4.8%
Silver 7.1E-08 2.5 0.5 250 25 70 2.6E+04 3.1E-10
Thallium 1.6E-06 2.5 0.5 250 25 70 2.6E+04 7.1E-09
Vanadium 1.5E-06 2.5 0.5 250 25 70 2.6E+04 6.6E-09
Zinc 1.IE-04 2.5 0.5 250 25 70 2.6E+04 4.9E-07
Cyanide (Total) 5.4E-08 2.5 0.5 250 25 70 2.6E+04 2.3E-10

Total Soil Inhalation Cancer Risk: 4.9E-07

Noncancer Hazard Index Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation

Concentradior Rate Tune Frequency Duration Weight Time CDI RfD Hazard %
Soil COC (m3/hour)Ž (ou/dav'(days(yare Ljygsa OW £Wys1 mg&yay (mgk1dax Quotient! C=nt

Aluminum 1.83E-03 2.5 0.5 250 25 70 9.IE+03 2.2E-05
Arsenic 1.02E-06 2.5 0.5 250 25 70 9.1E+03 1.2E-08
Barium 1.48E-04 2.5 0.5 250 25 70 9.1E+03 1.8E-06 1.4E-04 1.3E-02 27.7%
Beryllium 4.09E-08 2.5 0.5 250 25 70 9.1E+03 5.OE-10
Cadmium 9.52E-07 2.5 0.5 250 25 70 9.lE+03 1.2E-08
Chromium III 2.15E-05 2.5 0.5 250 25 70 9.lE+03 2.6E-07
Chromium VI 2.38E-06 2.5 0.5 250 25 70 9.1E+03 2.9E-08
Chromium (Total) 2.38E-05
Cobalt 5.88E-07 2.5 0.5 250 25 70 9.lE+03 7.2E-09
Copper 3.61E-05 2.5 0.5 250 25 70 9.IE+03 4.4E-07
Lead 9.09E-06 2.5 0.5 250 25 70 9.1E+03 I.IE-07
Manganese 3.86E-05 2.5 0.5 250 25 70 9.IE+03 4.7F-07 1.4E-05 3.3E-02 72.3%
Mercury 3.15E-09 2.5 0.5 250 25 70 9.1E+03 3.9E-11 8.6E-05 4.5E-07 0.001%
Nickel 3.18E-06 2.5 0.5 250 25 70 9.1E+03 3.9E-08
Silver 7.1 IE-08 2.5 0.5 250 2ý 70 9.1E+03 8.7E-10
Thallium 1.62E-06 2.5 0.5 250 25 70 9.1E+03 2.OE-08
Vanadium 1.50E-06 2.5 0.5 250 25 70 9.1E+03 L.8E-08
Zinc 1.13E-04 2.5 0.5 250 25 70 9.1E+03 1.4E-06
Cyanide (Total) 5.35E-08 2.5 0.5 250 25 70 9.1E+03 6.5E-10

Soil Inhalation Hazard Index: 4.6E-02
SWMU1.XLS:PageC 7/10/94 2:1OPM
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Appendix Table M. 1-1d Exposure Point Concentrations (EPCs) Used for SWMU 1
Worker Exposure Scenarios Page 5 of 5

RME Soil
SWMU 1 Concentration
sop Coc
Semivolatiles
Bis(2-ethylhexyl)phthalate (Not a COC)
Inorganics
Aluminum 29,109.72
Arsenic 16.13
Barium 2,356.58
Beryllium 0.65
Cadmium 15.12
Chromium M 340.91 Noe In accordance with EPA Region 8 protocols, this analysis
Chromium VI 37.88 assumes that 10% of the detected (total) chromium is in the
Chromium (Total) 378.79 hexavalent form; the remaining 90% is assumed to be trivalent.
Cobalt 9.34
Copper 574.08
Lead 144.42
Manganese 613.61
Mercury 0.05
Nickel 50.53
Silver 1.13
Thallium 25.70
Vanadium 23.86
Zinc 1,798.25
Cyanide (Total) 0.85

Air
SWMU 1 Concentration
Soul C¢ Lg(xn) RME Soil/Air Conc.
Semivolatiles
Bis(2-ethylhexyl)phthalate
Inorganics
Aluminum 1.8E-03 1.6E+07
Arsenic 1.OE-06 1.6E+07
Barium 1.5E-04 1.6E+07
Beryllium 4.IE-08 1.6E+07
Cadmium 9.5E-07 1.6E+07
Chromium M 2.2E-05 1.6E+07
Chromium VI 2.4E-06 1.6E+07
Chromium (Total) 2.4E-05 1.6E+07
Cobalt 5.9E-07 1.6E+07
Copper 3.6E-05 1.6E+07
Lead 9.IE-06 1.6E+07
Manganese 3.9E-05 1.6E+07
Mercury 3.2E-09 1.5E+07
Nickel 3.2E-06 1.6E+07
Silver 7.1E-08 1.6E+07
Thallium 1.6E-06 1.6E+07
Vanadium 1.5E-06 1.6E+07
Zinc 1.1E-04 1.6E+07
Cyanide (Total) 5.4E-08 1.6E+07

SWMUI.XLS: PageE, 7/1094 2:10PM
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Appendix Table M. 1-2 SWMU 25 Worker Exposure Scenario: Risk Calculation Spreadsheet
(Sum of All Pathways)-Supporting Data for Text Table 5.1-15 Page 1 of 5

Exposure Scenario: Current Use
Exposed Population: Security Personnel Workers
Exposure Pathways: Soil Ingestion + Dermal Contact + Inhalation
Exposure Location: SWMU 25 (Interior for SI and DC pathways; SWMU 25 fenceline for inhalation exposure scenario)

Cancer Risk Calculations _______ _______ _______ ___ _____

RME Soil Oral Soil Ingestior (OWa) Dermal Inhalation Inhalation Total % of Risk
Concentration SF Cancer SF Cancer Slope Factor Cancer Cancer Total Ass. w/

Soill CO mg~z1 RiagAv) jjk (mjry-l Ras - Ak wa£R Ikmund

Aluminum 28,858.95
Antimony 21.01
Barium 6,325.58

eylim0.64 4,3E+00 9.9E-08. 44E400O 4. 1E-09 8.42+O0 I ,3E-09 1.IE-07 10.94-1.4E-07
Cadmium� 1.86 &X3E+00 6,611-09 .6.6E-09.. 0.7.% 3.5E-0
Chromium 111 311.37
Chromium VI 34.60 4.2 .A.01:* 8.2E-07 .8.2E-.07 8 3.8* 6.OE208
Chromium (Total) 345.97
Cobalt 8.51
Copper 787.02
Lead 147.20
Manganese 620.62
Mercury .0.07
Nickel .47.43 . .7E+00 :4.6E-08 4.6E-08 4.7* 1.9E-09
Silver 3.37
Thallium 26.20.Vanadium 30.10
Zinc 226.31
Cyanide (Total) 3.71

Pathwair-Specific Totals- Ingestion: 9.9E-08 Dermal: 4.12-09 Inhalation: 8.8E-07 9.8E-07 _______

Noncancer Hazard Index Calculations_______ ___ _____

RME Soil Oral Soil Ingestior (Oral) Dermal Inhalation Inhalation Total % of HQ
Concentration RID Hazard RID Hazard RID Hazard Hazard Hazard Ass. w/

Soil CO IMy/kO f~gg~kudax Quotient frng&Oday) Quotila Lmgtghy/ay)Qutin Quoain In& ldciBkguind

Aluminum 28,858.95 1.0E400 2.7E-03 1.02+00 I.IE-04 2.8E-03 1.5% 1.7E-03
Antimony 21.01 4.02-04 4.9E-03 4.02.04 2.02-04 5.1E-03 2.7% -

Barium 6,325.58. 7.02-02 8.5E-03 7.02-02 3.5E-04 1.4E-04 7.02.02 7.9E-02 41.1% 6.72-03
Beryllium 0.69 5.02-03 1.3E-05 5.02.03 5.3E-07 1.3E-05 0.0% 1.7E-05
Cadmium 1.86 1.02.03 1.82.04 1.OE-03 7.2E-06 1.8E-04 0.1% 9.6E-05
Chromium 111 311.37 1.02+00 2.9E-05 1.02+00 1.2E-06 3.02-05 0.0% 2.22-06
Chromium VI 34.60 S.OE.03 6.5E-04 5.02-03 2.7E-05 6.82-04 0.4% 4.9E-05
Chromium (Total) 345.97 0.02+00 0.02+00 0.02+00 0.OE+00
Cobalt 8.51 0.01100 0.02+00 0.OE+00 0.02+00
Copper 787.02 3.72-02 2.02.03 3.72-02 8.22-05 2.12-03 1.1% 6.6E-05
Lead 147.20 0.02+00 0.OE+00 0.OE+00 0.0E+00 0.02+00 0.013+00
Manganese 620.62 1.42-01 4.223-04 1.42-01 1.72.05 1.42-05 6.9E-02 6.92-02 36.1% 7.42-02
Mercury 0.07 3.02-04 2.2E-05 3.02-04 8.9E-07 8.6E-05 1.3E-06 2.42-05 0.0% 2.82.05
Nickel 47.43 2.02-02 2.22-04 2.02-02 9.12-06 2.3E-04 0.1% 9.5E-05
Silver 3.37 5.02-03 6.3E-05 5.02-03 2,611-06 6.62-05 0.0% 8.6E-06
Thallium 26.20 8.02-05 3.12E-02 8.02-05 1.42-03 3.2E-02 16.7% 6. 12E02
Vanadium 30.10 7.02-03 4.02-04 7.02-03 1.7E-05 4.2E-04 0.2% 3.2E-04

*Znc 226.31 3.02-01 7.12-05 3.02-01 2.9E-06 7.42-05 0.0% 3.42-05
Cyanide (Total) . 3.71 2.02-02 1.7E-05 2.02.02 7.2E-07 1.82-05 0.0% -

Pathway-Specffic Totals- Ingestion: 5.1E-02 Dermal: 2.3E-03 Inhalation: I.4E-O1 1 1.9E-01 H_______

SWMU25.AUS: Page D 7t2W94 9:59 AM M. 1-6



Appendix Table M.1-2a SWMU 25 Worker Exposure Scenario: Risk Calculation Spreadsheet
for Soil Ingestion Pathway Page 2 of 5

Exposure Scenario: Current Use Exposure Patlhwav Variables
Exposed Population: Security Personn-I Workers CS (Chemlated C.3,-:enuatioi = Surface Soil Data, SWMU 25
Exposure Pathway: Soil Ingestion IR (Soil Ingestion Rate) = 100.0 mg/day
Exposure Location: SWMU 25 CF (Conversion Factor) = 0.000001 kg/mg

FT (Fraction Ingested) = 1.00 (100%, unitless)
Intake and Risk Calculation Equations EF (Exposure Frequency) = 24 days/year
CDI (mg/kg/day) = (CS*IR*CF*FI*EF*ED)/(BW*AT) ED (Exposure Duration) 25 years (per 70-yr lifetime)
Cancer Risk = CDI * Oral SF BW (Body Weight) = 70 kg
Hazard Quotient = CDI/RfD AT (Averaging Time, =

Carcinogenic Effects) 25,550 days
AT (Noncarc Effects) = 9,125 days

Cancer Risk Calculations
RME Soil Soil Fraction Exposure Exposure Body Averaging Soil Ingestion Oral Soil Ingestion

Concentration Ingestion Ingested Frequency Duration Weight Time CDI SF Cancer
SolCO mg&Og Lmgtday) (uides (dayslyear) (years) L~ (mg~gtday) (mg&y/dayll %s Cont.

Aluminum 28,858.95 100 1.0 24 25 70 2.6E+04 9.7E-04
Antimony 21.01 100 1.0 24 25 70 2.6E+04 7.OE-07
Barium 6,325.58 100 1.0 24 25 70 2.6E+04 2.1E-04
Beryllium 0.69 100 1.0 24 25 70 2.6E+04 2.3E-08 4.3E+00 9.9E-08 100.0%
Cadmium 1.86 100 1.0 24 25 70 2.6E+04 6.3E-08
Chromium I1 311.37 100 1.0 24 25 70 2.6E+04 1.OE-05
Chromium VI 34.60 100 1.0 24 25 70 2.6E+04 1.2E-06
Chromium (Total) 345.97
Cobalt 8.51 100 1.0 24 25 70 2.6E+04 2.9E-07
Copper 787.02 100 1.0 24 25 70 2.6E+04 2.6E-05
Lead 147.20 100 1.0 24 25 70 2.6E+04 4.9E-06
Manganese 620.62 100 1.0 24 25 70 2.6E+04 2.IE-05
Mercury 0.07 100 1.0 24 25 70 2.6E+04 2.3E-09
Nickel 47.43 100 1.0 24 25 70 2.6E+04 1.6E-06
Silver 3.37 100 1.0 24 25 70 2.6E+04 1.1E-07
Thallium 26.20 100 1.0 24 25 70 2.6E+04 8.8E-07
Vanadium 30.10 100 1.0 24 25 70 2.6E+04 1.OE-06
Zinc 226.31 100 1.0 24 25 70 2.6E+04 7.6E-06
Cyanide (Total) 3.71 100 1.0 24 25 70 2.6E+04 1.2E-07

Total Soil Ingestion Cancer Risk: 9.9E-08

Noncancer Hazard Index Calculations
RME Soil Soil Fraction Exposure Exposure Body Averaging Soil Ingestion Oral Soil Ingestion

Concentration Ingestion Ingested Frequency Duration Weight Time CDI RfD Hazard %
Smgg (mgtday) Onizke1 fdaxcar) (years) fW £dal ( mg&giday) (mg&gtda) Quotient C=

Aluminum 28,858.95 100 1.0 24 25 70 9.IE+03 2.7E-03 1.OE+00 2.7E-03 5.3%
Antimony 21.01 100 1.0 24 25 70 9.IE+03 2.OE-06 4.OE-04 4.9E-03 9.7%
Barium 6,325.58 100 1.0 24 25 70 9.IE+03 5.9E-04 7.OE-02 8.5E-03 16.7%
Beryllium 0.69 100 1.0 24 25 70 9.IE+03 6.5E-08 5.OE-03 1.3E-05 0.0%
Cadmium 1.86 100 1.0 24 25 70 9.IE+03 1.8E-07 L.OE-03 1.SE-04 0.3%
Chromium 11 311.37 100 1.0 24 25 70 9.IE+03 2.9E-05 1.OE+00 2.9E-05 0.1%
Chromium VI 34.60 100 1.0 24 25 70 9.1E+03 3.2E-06 5.OE-03 6.5E-04 1.3%
Chromium (Total) 345.97
Cobalt 8.51 100 1.0 24 25 70 9.IE+03 8.OE-07
Copper 787.02 100 1.0 24 25 70 9.IE+03 7.4E-05 3.7E-02 2.OE-03 3.9%
Lead 147.20 100 1.0 24 25 70 9.1E+03 1.4E-05
Manganese 620.62 100 1.0 24 25 70 9.IE+03 5.8E-05 1.4E-01 4.2E-04 0.8%
Mercury 0.07 100 1.0 24 25 70 9.1E+03 6.5E-09 3.OE-04 2.2E-05 0.0%
Nickel 47.43 100 1.0 24 25 70 9.1E+03 4.5E-06 2.0E-02 2.2E-04 0.4%
Silver 3.37 100 1.0 24 25 70 9.1E+03 3.2E-07 5.0E-03 6.3E-05 0.1%
Thallium 26.20 100 1.0 24 25 70 9.1E+03 2.5E-06 8.OE-05 3.1E-02 60.4
Vanadium 30.10 100 1.0 24 25 70 9.1E+03 2.8E-06 7.OE-03 4.OE-04 0.8 W
Zinc 226.31 100 1.0 24 25 70 9.1E+03 2.1E-05 3.OE-01 7.1E-05 0.1%
Cyanide (Total) 3.71 100 1.0 24 25 70 9.1E+03 3.5E-07 2.0E-02 1.7E-05 0.03%

Soil Ingestion Hazard Index: 5.1E-02
SWMU25.XLS: Page A 7/20/94 9:59 AM
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Appendix Table M. 1-2b SWMU 25 Worker Exposure Scenario: Risk Calculation Spreadsheet
for Dermal Contact Pathway Page 3 of 5

Exposure Scenario: Current Use 1 Exposure Pathway Variables
Exposed Population: Security Personnel Workers CS (Chemical Concentration) = Surface'Soil Data, SWMU 25
Exposure Pathway: Dermal Contact with Surface Soil CF (Conversion Factor) = 1.OE-06 kg/mg
Exposure Location: SWMU 25 SA (Skin Surface Area) = 4,100 cm2/event

AF (Adherence Factor) = 1.00 mg/cm2

Intake and Risk Calculation Equations ABS (Absorption Factor) = 0.001 (unitless)

Absorbed Dose (mg/kg/day) (CS*CF*SA*AF*ABS*EF*ED)/(BW*AT) EF (Exposure Frequency) = 24 days/year

Cancer Risk = Dermal CDI * (Oral) SF ED (Exposure Duration) = 25 years

Hazard Quotient = CDt/RID BW (Body Weight) 70 kg

AT (Averaging Time,

Carcinogenic Effects) = 25,550 days

AT (Noncarcinogenic Effects) = 9,125 days

Cancer Risk Calculations
RME Soil Skin Adherence Absorption Exposure Exposure Body Averaging Dermal Oral Dermal

Conc. Surface Factor Factor Frequency Duration Weight Time CDI SF Cancer

Sol in(g~g) (cm2&evenf (mgtcm2) (unitiasq) (dayslyearl fn ) &0I Ld&yM1 ( g~mg/kday Bisk~a U Cont.

Aluminum 28,858.95 4,100 1.0 0.001 24 25 70 2.6E+04 4.OE-05
Antimony 21.01 4,100 1.0 0.001 24 25 70 2.6E+04 2.9E-08

Barium 6,325.58 4,100 1.0 0.001 24 25 70 2.6E+04 8.7E-06
Beryllium 0.69 4,100 1.0 0.001 24 25 70 2.6E+04 9.5E-10 4.3E+00 4.1E-09 100.0%

Cadmium 1.86 4,100 1.0 0.001 24 25 70 2.6E+04 2.6E-09
Chromium III 311.37 4,100 1.0 0.001 24 25 70 2.6E+04 4.3E-07
Chromium VI 34.60 4,100 1.0 0.001 24 25 70 2.6E+04 4.8E-08

Chromium (Total) 345.97
Cobalt 8.51 4,100 1.0 0.001 24 25 70 2.6E+04 1.2E-08

Copper 787.02 4,100 1.0 0.001 24 25 70 2.6E+04 L.IE-06
Lead 147.20 4,100 1.0 0.001 24 25 70 2.6E+04 2.OE-07O Manganese 620.62 4,100 1.0 0.001 24 25 70 2.6E+04 8.5E-07

Mercury 0.07 4,100 1.0 0.001 24 25 70 2.6E+04 9.5E-11

Nickel 47.43 4,100 1.0 0.001 24 25 70 2.6E+04 6.5E-08
Silver 3.37 4,100 1.0 0.001 24 25 70 2.6E+04 4.6E-09
Thallium 26.20 4,100 1.0 0.001 24 25 70 2.6E+04 3.6E-08
Vanadium 30.10 4,100 1.0 0.001 24 25 70 2.6E+04 4.1E-08
Zinc 226.31 4,100 1.0 0.001 24 25 70 2.6E+04 3.IE-07

Cyanide (Total) 3.71 4,100 1.0 0.001 24 25 70 2.6E+04 5.1E-09

Total Dermal Contact Cancer Risk: 4.1E-09

Noncancer Hazard Index Calculations
RME Soil Skin Adherence Absorption Exposure Exposure Body Averaging Dermal Oral Dermal

Conc. Surface Factor Factor Frequency Duration Weight Time CDI RfD Hazard %

SoilCOC (mg&9) (cm2fexcnI Lmu1gn2) (unifes (daystyaar L) fykg) fl Jd a'(mg&&a utm&&d&4 QJ1otien1 C=

Aluminum 28,858.95 4,100 1.0 0.001 24 25 70 9.1E+03 I.IE-04 1.OE+00 L.IE-04 4.9%
Antimony 21.01 4,100 1.0 0.001 24 25 70 9.IE+03 8.IE-08 4.OE-04 2.OE-04 8.9%
Barium 6,325.58 4,100 1.0 0.001 24 25 70 9.1E+03 2.4E-05 7.OE-02 3.SE-04 15.3%

Beryllium 0.69 4,100 1.0 0.001 24 25 70 9.IE+03 2.7E-09 5.OE-03 5.3E-07 0.0%
Cadmium 1.86 4,100 1.0 0.001 24 25 70 9.1E+03 7.2E-09 1.OE-03 7.2E-06 0.3%
Chromium I1 311.37 4,100 1.0 0.001 24 25 70 9.1E+03 1.2E-06 1.OE+00 1.2E-06 0.1%
Chromium VI 34.60 4,100 1.0 0.001 24 25 70 9.E1 E+03 1.3E-07 5.OE-03 2.7E-05 1.2%

Chromium (Total) 345.97

Cobalt 8.51 4,100 1.0 0.001 24 25 70 9.1E+03 3.3E-08
Copper 787.02 4,100 1.0 0.001 24 25 70 9.1E+03 3.OE-06 3.7E-02 8.2E-05 3.6%

Lead 147.20 4,100 1.0 0.001 24 25 70 9.1E+03 5.7E-07
Manganese 620.62 4,100 1.0 0.001 24 25 70 9.1E+03 2.4E-06 1.4E-01 1.7E-05 0.7%
Mercury 0.07 4,100 1.0 0.001 24 25 70 9.1E+03 2.7E-10 3.OE-04 8.9E-07 0.0%

Nickel 47.43 4,100 1.0 0.001 24 25 70 9.1E+03 1.8E-07 2.OE-02 9.1E-06 04%

Silver 3.37 4,100 1.0 0.001 24 25 70 9.1E+03 1.3E-08 5.OE-03 2.6E-06 0.1%
Thallium 30.10 4,100 1.0 0.001 24 25 70 9.1E+03 1.2E-07 8.OE-05 1.4E-03 63.6%. Vanadium 30.10 4,100 1.0 0.001 24 25 70 9.1E+03 1.2E-07 7.OE-03 1.7E-05 0.7%

Zinc 226.31 4,100 1.0 0.001 24 25 70 9.1E+03 8.7E-07 3.OE-01 2.9E-06 0. 1%
Cyanide (Total) 3.71 4,100 1.0 0.001 24 25 70 9.1E+03 1.4E-08 2.OE-02 7.2E-07 0.03%

Dermal Contact Hazard Index: 2.3E-03

SWMU25.XLS: Page B 7/20/94 9:59 AM M. 1-8



Appendix Table M.1-2c SWMU 25 Worker Exposure Scenario: Risk Calculation Spreadsheet
for Soil Inhalation Pathway Page 4 of 5

Exposure Scenario: Current Use Exposure Pathwaý Variables
Exposed Population: Security Personnel Workers CA (Air Concentration) = Estimated using methods in Appendix K
Exposure Pathway: Inhalation of SWMU 25 Surface Soil COCs IR (Inhalation Rate) = 2.5 m3/hour
Exposure Location: SWMU 25 Fenceline (worst-case location) ET (Exposure Time) = 0.5 hours/day

EF (Exposure Frequency) 250 days/year
Intake and Risk Calculation Equations ED (Exposure Duration) 25 years
CDI (mg/kg/day) = (CA*IR*ET*EF*ED)/(BW*AT) BW (Body Weight) = 70 kg
Cancer Risk = CDI * Inhalation SF AT (Averaging Time,
Hazard Quotient = CDI/Inhalation RfD Carcinogenic Effects) = 25,550 days

AT (Noncarcinogenic Effects) = 9,125 days

Cancer Risk Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation

Concentration Rate Time Frequency Duration Weight Time CDI Slope Factor Cancer
Soil COC img/m3) (m3/ur) (horsday) fdaysyur) Lyswl DWg Ldax" (mgtkgtda £mz~vdayll RU % Cont.

Aluminum 3.8E-03 2.5 0.5 250 25 70 2.6E+04 1.6E-05
Antimony 2.7E-06 2.5 0.5 250 25 70 2.6E+04 1.2E-08
Barium 8.2E-04 2.5 0.5 250 25 70 2.6E+04 3.6E-06
Beryllium 9.0E-08 2.5 0.5 250 25 70 2.6E+04 3.9E- 10 8.4E+00 3.3E-09 0.37%
Cadmium 2.4E-07 2.5 0.5 250 25 70 2.6E+04 I.IE-09 6.3E+00 6.6E-09 0.8%
Chromium III 4.OE-05 2.5 0.5 250 25 70 2.6E+04 l.8E-07
Chromium VI 4.5E-06 2.5 0.5 250 25 70 2.6E+04 2.OE-08 4.2E+01 8.2E-07 93.7%
Chromium (Total) 4.5E-05
Cobalt 1.IE,-06 2.5 0.5 250 25 70 2.6E+04 4.8E-09
Copper 1.OE-04 2.5 0.5 250 25 70 2.6E+04 4.5E-07
Lead 1.9E-05 2.5 0.5 250 25 70 2.6E+04 8.3E-08
Manganese 8.1E-05 2.5 0.5 250 25 70 2.6E+04 3.5E-07
Mercury 9.1E-09 2.5 0.5 250 25 70 2.6E+04 4.OE- I I
Nickel 6.2E-06 2.5 0.5 250 25 70 2.6E+04 2.7E-08 1 .7E+00 4.6E-08 5.2%
Silver 4.4E-07 2.5 0.5 250 25 70 2.6E+04 1.9E-09
Thallium 3.4E-06 2.5 0.5 250 25 70 2.6E+04 1.5E-08
Vanadium 3.9E-06 2.5 0.5 250 25 70 2.6E+04 1.7E-08
Zinc 2.9E-05 2.5 0.5 250 25 70 2.6E+04 1.3E-07
Cyanide (Total) 4.8E-07 2.5 0.5 250 25 70 2.6E+04 2.1E-09

Total Soil Inhalation Cancer Risk: 8.8E-07

Noncancer Hazard Index Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation"

Concentration Rate Time Frequency Duration Weight Time CDI RfD Hazard %
SoilCOC .mgi/m) (m32u ( so (davzarY ) (yas) OW Ldaya1 (zngmkgsdaky / Lmg da) QOuotient C=L

Aluminum 3.75E-03 2.5 0.5 250 25 70 9.IE+03 4.6E-05
Arsenic 2.73E-06 2.5 0.5 250 25 70 9.1E+03 3.3E-08
Barium 8.21E-04 2.5 0.5 250 25 70 9.1E+03 1.OE-05 1.4E-04 7.0E-02 50.5%
Beryllium 8.96E-08 2.5 0.5 250 25 70 9.IE+03 L.IE-09
Cadmium 2.41E-07 2.5 0.5 250 25 70 9.IE+03 2.9E-09
Chromium III 4.04E-05 2.5 0-5 250 25 70 9. IE+03 4.9E-07
Chromium VI 4.49E-06 2.5 0.5 250 25 70 9.1E+03 5.53,E08
Chromium (Total) 4.49E-05
Cobalt 1.IOE-06 2.5 0.5 250 25 70 9.IE+03 1.3E-08
Copper 1.02E-04 2.5 0.5 250 25 70 9.1E+03 1.2E-06
Lead 1.91E-05 2.5 0.5 250 25 70 9.1E+03 2.3E-07
Manganese 8.06E-05 2.5 0.5 250 25 70 9.IE+03 9.9E-07 1.4E-05 6.9E-02 49.5%
Mercury 9.09E-09 2.5 0.5 250 25 70 9.1E5+03 I.IE-10 8.6E-05 1.3E-06 0.001%
Nickel 6.16E-06 2.5 0.5 250 25 70 9.1E+03 7.5E-08
Silver 4.37E-07 2.5 0.5 250 25 70 9.IE+03 5.3E-09
Thallium 3.40E-06 2.5 0.5 250 25 70 9.IE+03 4.2E-08
Vanadium 3.91E-06 2.5 0.5 250 25 70 9.1E+03 4.8E-08
Zinc 2.94E-05 2.5 0.5 250 25 70 9.1E+03 3.6E-07
Cyanide (Total) 4.82E-07 2.5 0.5 250 25 70 9.1E+03 5.9E-09

Soil Inhalation Hazard Index: 1AE-01
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Appendix Table M.1-2d Exposure Point Concentrations (EPCs) Used for SWMU 25
Worker Exposure Scenarios Page 5 of 5

RME Soil
SWMU 25 Concentration
soil COC

Inorganics
Aluminum 28,858.95
Antimony 21.01
Barium 6,325.58
Beryllium 0.69
Cadmium 1.86
Chromium i II 311.37 NotL In accordance with EPA Region 8 protocols, this analysis
Chromium VI 34.60 assumes that 10% of the detected (total) chromium is in the
Chromium (Total) 345.97 hexavaienrform;, the remaining 90% is assumed to be trivalent.
Cobalt 8.51
Copper 787.02
Lead 147.20
Manganese 620.62
Mercury 0.07
Nickel 47.43
Silver 3.37
Thallium 26.20
Vanadium 30.10
Zinc 226.31
Cyanide (Total) 3.71

SWMU 25 Concentration

Inorganics
Aluminum 3.8E-03 7.7E+06
Antimony 2.7E-06 7.7E+06
Barium 8.2E-04 7.7E+06
Beryllium 9.OE-08 7.7E+06
Cadmium 2.4E-07 7.7E+06
Chromium mI 4.OE-05 7.7E+06
Chromium VI 4.5E-06 7.7E+06
Chromium (Total) 4.5E-05 7.7E+06
Cobalt L.1E-06 7.7E+06
Copper 1.0E-04 7.7E+06
Lead 1.9E-05 7.7E+06
Manganese 8.IE-05 7.7E+06
Mercury 9.IE-09 7.6E+06
Nickel 6.2E-06 7.7E+06
Silver 4.4E-07 7.7E+06
Thallium 3.4E-06 7.7E+06
Vanadium 3.9E-06 7.7E+06
Zinc 2.9E-05 7.7E+06
Cyanide (Total) 4.8E-07 7.7E-+06

SWMU25.XLS: Page E, 7/20/94 9:59 AM M.I1-10



Appendix Table M. 1-3 Inhalation Risks Associated with Off-Site Dispersion of SWMU I Surface Soils:
Worst Case Screening Level Analysis for CAMDS Receptor Location Page 1 of 3

Exposure Scenario: Current Use
Exposed Population: CAMDS Workers
Exposure Pathways: Inhalation of SWMU I Surface Soil COCs

Exposure Location: CAMDS (assumed to be the worst-case receptor location)

Cancer Risk Calculations________
SWIMU 1 RM6E Estimated Air Concentratiar Soid Ingestio Dermal Inhalation Inhalation Total % of Risk

Soil Concentration at CAM~DS Receptor Clacer Cancer Slope Factor Cancer Cancer Total Ass. w/
Soil CO (mfkalk LMgLM3 BRk RUa (Ejk/ak- RU Jk C& 1ack;=md

Aluminum 29,109.72 I.4E-05--
Arsenc 16.13 7."EO 15-0 SMF4 U. I , M-40.- 1.3% 13E-,09
Barium 2,356.58 L.IE-06 -

Beillu.0.465 3115-10 - - 8.E4540 ::'O 8El 0.3% 2.511-10:
Cadmium 5.2 7.15-09 -- 6.3E440 .1-0 3.1E:09 5.3% 2.0&-10
Chromium 111 3.40.91 1.6E-(17--
Chromium VI 17.8 l:12&0 4.2E+81 LIE-S 3.2E-09 1834% 35E-09
Chromidum (Total) 378.79 l.8E-07--
Cobalt 9.34 4.45-09 -

Copper 574.08 2.75-07-
Lead 144.42 6.8E-08--
Manganese 613.61 2.9E-07-
Mercury 0.05 2.4E-l I I
Nickel 50S3 2.45-08 -- 1.7E+00 2,8E-09 2.813-09 4.9% l.IE-09
Silver 1.13 5.3E-10--
Thallumn 25.70 1.2E-08--
Vanadium 23.86 .LIE-08--
Zinc 1,798.25 8.5E-07--
Cyanide (Total) 0.85 4.OE-10 -

Inhalation
Pathway-Specific Totals- NA NA Cancer Risk 5.9E-08 5.9E-08 _____

(NA =Not Applicable)

Noncancer Hazard Index Calculations ______ _________________

RNM Soil Estimated Air Concentratior Soil Ingestior Dermal inhaation inhalation Total % of HQ
Concentration at CAMOS Receptor Hazard Hazard RID Hazard Hazard Hazard Ass. w/

SolCO mg~kg) (mz1m3) nten Quoient Lmg&zday) Quotient Qoinlad"~ bk~udig

Aluminum 29.109.72 1.4E-05- -

Arsenic 16.13 7.6E-09--
Barium.2,356-% 1.15-06 - A-04 IE0 E-03. .27.7%3.E0

Beryllium 0.65 3.E-10 -

Cadmium 15.12 7.lE-09-
Chromium MI 340.91 1.6E-07--
Chromium VI 37.88 l.8E-08 -

Chromium (Total) 378.79 1.8E-07- -

Cobalt 9.34 4.4E-09--
Copper 574.08 2.7E-07--
Lead 144.42 6.8E-08 - - 0.OE00 O0.OE+00
Manganmese 6113.61 23E-7 - - ZAE-05 4.9E-03 4.OE-03 72:2%. 4.2-03
mercury -0.051 2.4E-11 450 SAE-08 5.4E-08 0.001% 9.IE-08,
Nickel 50.53 2.4E-08--
Silver 1.13 5.3E-10 -

Thallium 25.70 1.2E-08--
Vanadium 23.86 1.15.08--
Zinc 1,798.25 8.5E-07 -

Cyanide (Total) 0.85 4.OE-I0--
Inhalation

Pathwýay-Specifc Totals- NA NA In: 53SE-03 S.5E-3_ _____

CAMDS-I.XLS. Page D 7/1CV9 2:15PM M.i1l1



Appendix Table M.1-3a Inhalation Risks Associated with Off-Site Dispersion of SWMU 1 Surface Soils:
Supporting Inhalation Risk Calculation Documentation Page 2 of 3

Exposure Scenario: Curent Use Exposure Pathwav Variables
Exposed Population: CAMDS Workers CA ,•r Cor- on = Estimated using methods in Appendix K
Exposure Pathway: Inhalation of SWMU I Surface Soil COCs IR tInhalation Rate) = 2.5 m3/hour
Exposure Location: CAMDS ET (Exposure time) = 10 hours/day
*Assumed to be the worst-case receptor locadion EF (Exposur Frequency) = 200 days/year

Intake and Risk Calculation Equations ED (Exposure Duration) = 25 years
CDI (mg/kg/day) = (CA*IR*ET*EF*EDY(BW*AT) BW (Body Weight) = 70 kg
Cancer Risk = CDI * Inhalation SF AT (Averaging Time,
Hazard Quotient = CDILIlnhalation RfD Carinogeni Effects) = 25,550 days

_AT (NoncarcinogenicEffeets)= 9,125 days

Cancer Risk Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation

CAnczzration RaPe Time Frequency Duration Weight Tme CDI Slope Factor Cancer
Somil Im321m -(m r) 1rmzz1 (hoursg& y)a'vstuer. L Risk %Cont

Aluminum 1.4E-05 2.5 10 200 25 70 2.6E+04 9.6E-07
Arsenic 7.6E-09 2.5 10 200 25 70 2.6E+04 5.3E-10 1.5E+00 8.0E-10 1.3%
Barium 1.IE-06 2.5 10 200 25 70 2.6E+04 7.8E-08
Beryllium 3.JE-10 2.5 10 200 25 70 2.6E+04 2.1E-11 8.4E+00 1.8E-10 0.30%
Cadmium 7.1E-09 2.5 10 200 25 70 2.6E+04 5.OE-10 6.3E+00 3.1E-09 5.3%
Chromium MrI 1.6E-07 2.5 10 200 25 70 2.6E+04 1.IE-08
Chromium VI i.E-08 2.5 10 200 25 70 2.6E+04 1.2E-09 4.2E+01 5.2E-08 88.3%

Chromium (Total) L.8E-07
Cobalt 4.4E-09 2.5 10 200 25 70 2.6E+04 3.1E-10
Copper 2.7E-07 2.5 10 200 25 70 2.6E.+O4 1.9E-08
Lead 6.8E-08 2.5 10 200 25 70 2.6E+04 4.8E-09
Manganese 2.9E-07 2.5 10 200 25 70 2.6E+04 2.0E-08
Mercury 2.4E-11 2.5 10 200 25 70 2.6E+04 1.6E-12
Nickel 2.4E-08 2.5 10 200 25 70 2.6E+04 1.7E-09 1.7E+00 2.8E-09 4.8%
Silver 5.3E-10 2.5 10 200 25 70 2.6E+04 3.7E-11
Thallium 1.2E-08 2.5 10 200 25 70 2.6E+04 8.5E-10
Vanadium 1.IE-08 2.5 10 200 25 70 2.6E+04 7.8E-10
Zinc 8.5E-07 2.5 10 200 25 70 2.6E-04 5.9E-08

Cyanide (Total) 4.0E-10 2.5 10 200 25 70 2.6E+04 2.8E-l1
Total Soil Inhalation Cancer Risk: 5.9E-08

Noncancer Hazard Index Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation

Concentration Rate Tune Frequency Duration Weight Tine CDI RfD Hazard %

Soll Ime/M3) frn t xour) t ja) (daystxearv bMU •tg1/day xaMAtMU) Ouot•an on=

Aluminum 1.37E-05 2.5 10 200 25 70 9.1E+03 2.7E-06
Arsenic 7.59E-09 2.5 10 200 25 70 9.1E+03 1.5E-09
Barium 1.111-06 2.5 10 200 25 70 9.1E+03 2.2E-07 1.4E-04 1.5E-03 27.7%
Beryllium 3.06E-10 2.5 10 200 25 70 9.1E403 6.E-1I 1
Cadmium 7.11E-09 2.5 10 200 25 70 9.1E403 1.4E-09
Chromium MII 1.60E-07 2.5 10 200 25 70 9.1E+03 3.1E-08
Chromium VI 1.78E-08 2.5 10 200 25 70 9.1E+03 3.5E-09
Chromium (Total) 1.78E-07
Cobalt 4.39E-09 2.5 10 200 25 70 9.1E+03 8.6E-10
Copper 2.7011-07 2.5 10 200 25 70 9.IE+03 5.3E-08
Lead 6.801-08 2.5 10 200 25 70 9.1E+03 1.3E-08
Manganese 2.89E-07 2.5 10 200 25 70 9.1E+03 5.7E-08 1.4E-05 4.01-03 72.2%
Mercury 2.35E-11 2.5 10 200 25 70 9.IE+03 4.6E-12 8.6E-05 5.4E-08 0.001%
Nickel 2.38E-08 2.5 10 200 25 70 9.IE+03 4.7E-09
Silver 5.32E-10 2.5 10 200 25 70 9.1E403 1.0E-10
Thallium 1.21E-08 2.5 10 200 25 70 9.1E-03 2.4E-09
Vanadium 1.12E-08 2.5 10 200 25 70 9.1E403 2.2E-09
Zinc 8.46E-07 2.5 10 200 25 70 9.1E403 1.7E-07

Cyanide (Total) 4.OOE-I0 2.5 10 200 25 70 9.1E+03 7.8E-11

Soil Inhalation Hazard Index: $.SE-03

CAMDSI.XLS: Page C 7/10194 2:15 PM M. 1-12



Appendix Table M. 1-3b Exposure Point Concentrations (EPCs) Used to Estimate Off-Site CAMDS Receptor
Inhalation Exposures (based on SWMU I Soil COC Concentrations) Page 3 of 3

Source (SWMU 1)
SWMU 1 RME Soil Concentration

Semivolatiles
Bis(2-ethylhexyl)phthalate (Not a COC)
Inorganics
Aluminum 29,109.72
Arsenic 16.13
Barium 2,356.58
Beryllium 0.65
Cadmium 15.12
Chromium 11I 340.91 &= In accordance with EPA Region 8 protocols, this analysis assumes
Chromium VI 37.88 hat 10% of the detected (tozal) chromium is in the hexavalentform; the
Chromium (Total) 378.79 remaining 90% is assumed to be trhvaent.
Cobalt 9.34
Copper 574.08
Lead 144.42
Manganese 613.61
Mercury 0.05
Nickel 50.53
Silver 1.13
Thallium 25.70
Vanadium 23.86
Zinc 1,798.25
Cyanide (Total) 0.85

Modeled Annual Average (*Appendix K provides documentation
SWMU 1 Air Concentration at CAMDS Receptor* supporting modeled estimates.)
Soil COC nm/Lm3) RME Soil/Air Conc.
Semivolatiles
Bis(2-ethylhexyl)phthalate
Inorganics
Aluminum 1.4E-05 2.1E+09
Arsenic 7.6E-09 2.IE+09
Barium 1.1E-06 2.1E+09
Beryllium 3.1E-10 2.1E+09
Cadmium 7.1E-09 2.IE+09
Chromium Ml 1.6E-07 2.1E+09
Chromium VI 1.8E-08 2.IE+09
Chromium (Total) 1.8E-07 2.IE+09
Cobalt 4.4E-09 2.1E+09
Copper 2.7E-07 2.lE+09
Lead 6.8E-08 2.lE+09
Manganese 2.9E-07 2.1E+09
Mercury 2.4E-11 2.OE+09
Nickel 2.4E-08 2.1E+09
Silver 5.3E-10 2.1E+09
Thallium 1.2E-08 2.lE+09
Vanadium 1.1E-08 2.1E+09
Zinc 8.5E-07 2.1E+09
Cyanide (Total) 4.0E-10 2.1E+09

CAMDSI.XIS: PageE,7/10/94 2:15PM M -1-13



Appendix Table M.1-4 Inhalation Risks Associated with Off-Site Dispersion of SWMU 25 Surface Soils:
Worst Case Screening Level Analysis for CAMDS Receptor Location Page 1 of 3

Exposure Sceario: Current Use
Exposed Population: CAMDS Workers
Exposure Pathways: Inhalation of SWMU 25 Surface Soil COCs

Exposure Location: CAMDS (assumed to be the worst-case receptor location)

Cancer Risk Calculations
SWMU 25 RME Estimated Air Concentratior Soil Ingestio Dermal Inhalation Inhalation Total % of Risk

Soil Concentration at CAMDS Receptor Cancer Cancer Slope Factor Cancer Cancer Total Ass. w/
Soi.klz Risk Rw)k (Risk RLik LE 9Raw md

Aluminum 28,858.95 6.3E-05 - -

Antimony 21.01 4.6E-08 - -

Barium 6,32558 1.4E-05
BMryWi= 0.69 1-52.0 8.42.00 8&9E-I0:, :8 -W101, 4 i.IE,09,
Cadmim' 1.86 4.12-09 -- 6.32.00 1.81-04 1S-8909 0.8% 9.0420
Chromium II1 311.37 6.8E-07 . -

Chromium VI.. .. .34.60 7.54 - 4221 .2- 21E247 3.%.AE-0S
Chromium (Total) 345.97 7.6E-07 - -

Cobalt 8.51 1.9E-08 - -

Copper 787.02 1.7E-06 - -

Lead 147.20 3.2E-07 - -

Manganese 620.62 1.4E-06 - -

Mercury 0.07 1.SE-10 - -

Nickel 47.43 L.02-07 .- - I7E+2. 1.2E-08 1.213-08 5.3% 5.1E-09
Silver 3.37 7.4E-09 - -

Thallium 26.20 5.7E-08 - -. Vanadium 30.10 6.6E-08 - -

Zinc 226.31 4.9E-07 - -

Cyanide (Total) 3.71 8.IE-09 - -

Inhalation
Pathway-Specific Totals- NA NA Cancer Risk: 2.3E-07 2.3E407 1

(NA = Not Applicable)

Noncancer Hazard Index Calculations
SWMU 25 RME Estimated Air Concentratior Soil Ingestlo Dermal Inhalation Inhalation Total % of HQ

Soil Concentration at CAMDS Receptor Hazard Hazard RID Hazard Hazard Hazard Ass. w/
Sol mz&Q LT12mztl Quotient Quoienti (mgzg~ay Quotient Quotint 1ad~ ~a n

Aluminum 28,858.95 6.3E-05 - -

Antimony 21.01 4.6E-08 - -

Bhrium .431558 1.4E.05 .- .I..A 19&3241 191.42 so04% .AE03
Beryllium 0.69 1.5E-09 - -

Cadmium 1.86 4.1E-09 - -

Chromium 1I 311.37 6.8E-07 - -

Chromium VI 34.60 7.5E-08 - -

Chromium (Total) 345.97 7.61-07 - -

Cobalt 8.51 1.9E-08 - -

Copper 787.02 1.7E-06 - -

Lead 147.20 3.2E-07 - - 0.0E+00 0.0E+00
I.s428A20 . .1 .9.2 4.6 0L42 - 248 132.2 L9E-2 494% .2-02
Mect=y i.0 1.52-106 - .6-0 35-07 3.5-07 0.001%ý 4.12-07
Nickel 47.43 1.0E-07 -

Silver 3.37 7.4E-09 -

Thallium 26.20 5.7E-0 -

Vanadium 30.10 6.6E-08 -S Zinc 226.31 4.9E-07 -

Cyanide (Total) 3.71 8.1E-09 -I a
Inhalation

Pathwa,-Specific Totals- NA NA HI: 3.7E-02 3.7E-02

CAMDS_25.XLS: Page D 7/20f94 10.-06 AM
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Appendix Table M.1-4a Inhalation Risks Associated with Off-Site Dispersion of SWMU 25 Surface Soils:

Supporting Inhalation Risk Calculation Documentation Page 2 of 3

Exposure Scenario: Current Use Exposure Pathw2,- Variables
Exposed Population: CAMDS Workers CA (Air Concena-auon) = Estimatee using methods in Appendix K
Exposure Pathway: Inhalation of SWMU 25 Surface Soil COCs IR (Inhalation Rae) = 2.5 m3/hour
Exposure Location: CAMDS* ET (Exposure Time) = 10 hours/day

*Assumed to be the worst-case receptor location EF (Exposure Frequency) = 200 days/year

Intake and Risk Calculation Equations ED (Exposure Duration) = 25 years
CDI (mg/kg/day) = (CA*IR*ET*EF*ED)/(BW*A1) BW (Body Weight) - 70 kg

Cancer Risk = CDI * Inhalation SF AT (Averaging Time,
Hazard Quotient = CDI/Inhalation RID Carcinogenic Effects) = 25,550 days

AT (Noncarcinogenic Effects) = 9,125 days

Cancer Risk Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation

Concentration Rate Time Frequency Duration Weight Time CDI Slope Factor Cancer
Soil COC (mg/m (mo/bo) (hoursd/)a daysNua (ars) fW f) (mgtkgday~ mg/•day-1 RUsk iCont.

Aluminum 6.3E-05 2.5 10 200 25 70 2.6E+04 4.4E-06
Antimony 4.6E-08 2.5 10 200 25 70 2.6E+04 3.2E-09
Barium 1AE-05 2.5 10 200 25 70 2.6E+04 9.6E-07
Beryllium 1.5E-09 2.5 10 200 25 70 2.6E+04 I.1E-10 8.4E+00 8.9E-10 0.38%
Cadmium 4.1E-09 2.5 10 200 25 70 2.6E+04 2.8E-10 6.3E+00 1.8E-09 0.8%
Chromium III 6.8E-07 2.5 10 200 25 70 2.6E+04 4.8E-08
Chromium VI 7.5E-08 2.5 10 200 25 70 2.6E+04 5.2E-09 4.2E+01 2.2E-07 93.6%
Chromium (Total) 7.6E-07
Cobalt 1.9E-08 2.5 10 200 25 70 2.6E+04 1.3E-09
Copper 1.7E-06 2.5 10 200 25 70 2.6E+04 1.2E-07
Lead 3.2E-07 2.5 10 200 25 70 2.6E+04 2.2E-08
Manganese 1.4E-06 2.5 10 200 25 70 2.6E+04 9.5E-08
Mercury 1.5E- 10 2.5 10 200 25 70 2.6E+04 I.1E-lI
Nickel 1.OE-07 2.5 10 200 25 70 2.6E+04 7.3E-09 1.7E+00 1.2E-08 5.3%
Silver 7.4E-09 2.5 10 200 25 70 2.6E+04 5.1E-10
Thallium 5.7E-08 2.5 10 200 25 70 2.6E+04 4.OE-09
Vanadium 6.6E-08 2.5 10 200 25 70 2.6E+04 4.6E-09
Zinc 4.9E-07 2.5 10 200 25 70 2.6E+04 3.5E-08
Cyanide (Total) 8.IE-09 2.5 10 200 25 70 2.6E+04 5.7E- 10

Total Soil Inhalation Cancer Risk: 2.3E-07

Noncancer Hazard Index Calculations
Air Inhalation Exposure Exposure Exposure Body Averaging Inhalation Inhalation Inhalation,

Concentration Rate Time Frequency Duration Weight Time CDI RfD Hazard %
Soil CQC (Lmm3. (m2our) (hmlJay) (dayslyear) (years) kg f fdxs ( Cmrglday (mkgidaxa Quotient Co=

Aluminum 6.30E-05 2.5 10 200 25 70 9.1E+03 1.2E-05
Antimony 4.59E-08 2.5 10 200 25 70 9.1E+03 9.OE-09
Barium 1.38E-05 2.5 10 200 25 70 9.IE+03 2.7E-06 1.4E-04 1.9E-02 50.4%
Beryllium 1.51E-09 2.5 10 200 25 70 9.IE+03 3.0E-10
Cadmium 4.06E-09 2.5 10 200 25 70 9.IE+03 7.9E-10
Chromium III 6.80E-07 2.5 10 200 25 70 9.IE+03 1.3E-07
Chromium VI 7.45E-08 2.5 10 200 25 70 9.IE+03 1.5F,-08
Chromium (Total) 7.56E-07
Cobalt 1.86E-08 2.5 10 200 25 70 9.1E+03 3.6E-09
Copper 1.72E-06 2.5 10 200 25 70 9.1E+03 3.4E-07
Lead 3.21E-07 2.5 10 200 25 70 9.IE+03 6.3E-08
Manganese 1.36E-06 2.5 10 200 25 70 9.IE+03 2.7E-07 1.4E-05 1.9E-02 49.6%
Mercury 1.53E-10 2.5 10 200 25 70 9.IE+03 3.OE-11 8.6E-05 3.5E-07 0.001%
Nickel 1.04E-07 2.5 10 200 25 70 9.1E+03 2.OE-08
Silver 7.36E-09 2.5 10 200 25 70 9.1E+03 1.4E-09
Thallium 5.72E-08 2.5 10 200 25 70 9.1E+03 lIE-08
Vanadium 6.57E-08 2.5 10 200 25 70 9.1E+03 1.3E-08
Zinc 4.94E-07 2.5 10 200 25 70 9.1E+03 9.7E-08
Cyanide (Total) 8.10E-09 2.5 10 200 25 70 9.1E+03 1.6E-09

Soil Inhalation Hazard Index: 3.7E-02

CAMDS_25.XLS: Page C 7/20/94 10:07 AM M. 1-15



Appendix Table M.1-4b Exposure Point Concentrations (EPCs) Used to Estimate Off-Site CAMDS. Receptor Inhalation Exposures (based on SWMU 25 Soil COC Concentrations) Page 3 of 3

Source (SWMU 25)
SWMU 25 RME Soil Concentration
soin COCM

Inorganics
Aluminum 28,858.95
Antimony 21.01
Barium 6,325.58
Beryllium 0.69
Cadmium 1.86
Chromium 111 311.37 N In accordance with EPA Region 8 protocols, this analysis
Chromium VI 34.60 assumes that 10% of the detected (total) chromium is in the

Chromium (Total) 345.97 hexavalent form; the remaining 90% is assumed to be trivalent.

Cobalt 8.51
Copper 787.02
Lead 147.20
Manganese 620.62
Mercury 0.07
Nickel 47.43
Silver 3.37
Thallium 26.20
Vanadium 30.10. Zinc 226.31
Cyanide (Total) 3.71

Modeled Annual Average (*Appendix K provides documentation
SWMU 25 Air Concentration at CAMDS Receptor* supporting modeled estimates.)
Soil COC (gLm3). RME Soil/Air Conc.

Inorganics
Aluminum 6.3E-05 4.6E+08
Antimony 4.6E-08 4.6E+08
Barium 1.4E-05 4.6E+08
Beryllium 1.5E-09 4.6E1+08
Cadmium 4.1E-09 4.6E+08
Chromium MI 6.8E-07 4.6E+08
Chromium VI 7.5E-08 4.6E+08
Chromium (Total) 7.6E-07 4.6E+08
Cobalt 1.9E-08 4.6E+08
Copper 1.7E-06 4.6E+08
Lead 3.2E-07 4.6E+08
Manganese 1.4E-06 4.6E+08
Mercury 1.5E-10 4.5E+08
Nickel 1.OE-07 4.6E+08
Silver 7.4E-09 4.6E+08
Thallium 5.7E-08 4.6E+08
Vanadium 6.6E-08 4.6E+08
Zinc 4.9E-07 4.6E+08
Cyanide (Total) 8.1E-09 4.6E+08

CAMDS_25.XLS: Page E, 7/20/94 10:07 AM M.1-16



APPENDIX M.2

RISK ASSESSMENT CALCULATION DOCUMENTATION FOR
CURRENT AND FUTURE USE FOOD CHAIN EXPOSURE PATHWAYS



Appendix Table M.2-1 a Residential Exposure: Agricultural Uptake - Ingestion of Meat and Dairy Products
Containing Maximum Concentrations of Groundwater COCs Page 1 of I

Exposure Scenario: Current and/or Future Use Expoure Pathway Variables
Exposed Population: Local (Farm Family) Residents Cmt (Estimated COC Concentration in Meat) = COC-specific (Appendix Table M.2-1b)
Exposure Pathway: Onsite GW->Stookey Well GW -.> Cattle -->Food BCR (Beef Consumption Rate)* = 0.075 kg/day (EPA, 1991a)
Exposure Location: Surrounding Agricultural Areas Cmk (Estimated COC Concentration in Milk) = COC-specific (Appendix Table M.2-Ib)

DCR (Dairy Prod. Consumption Rate)* = 0.30 kg/day (EPA, 1991a)
Intake and Risk Calculation Equalions EF (Exposure Frequency) = 350 days/year
CDI (mg/kg/day) = ((Cmt*BCR)+(Cmk*DCR))*EF*ED/(BW*AT) ED (Exposure Duration) = 30 years (per 70-yr lifetime)
Cancer Risk = CDI * SF BW (Body Weight) = 70 kg
Hazard Quotient (HQ) = CDI/RfD . AT (Averaging Time. =
Hazard Index = Sum of COC-specific HQs Carcinogenic Effects) = 25.550 days

AT (Noncac Effects) = 10.950 days

* ggW The ingestion ratesfor beef and dairy products used in this analysis are considered by
EPA to be reasonable worst case consumption rates, and were developed assuming that the farm
family produces 75 percent of what it consumes from these categories (EPA. 1991a).

Cncwer Risk Calculations
Exposure Exposure Body Averaging Food Ingestion Oral Food Ingestion: of

Cmt BCR Cmk DCR Frequency Duration Weight Time CDI SF Cancer Tit)
Groundwater .Lm/kg.1 fky/dax2 Imy/ky £kPdaX~ fdaxvx=aý (yeas) LWg Ldax) Imp~rlday) mr/kgday)- AU C

Antimony -- 0.075 1.15E-03 0.3 350 30 70 25.550 2.02E-06

Barium 2.39E-04 0.O75 1.01E-03 0.3 350 30 70 25.550 1.89E-06
Selenium -- 0.075 4.48E-02 0.3 350 30 70 25.550 7.90E-05
Thallium - 0.075 1.48E-02 0.3 350 30 70 25.550 2.61E-05
Vanadium -- 0.075 - 0.3 350 30 70 25.550 -
Carbon tetrachloride 4.27E-05 0.075 1.58E-05 0.3 350 30 70 25.550 4.67E-08 5.3E-02 2.5E-09 0.05
Chloroform 1.18E-07 0.075 4.37E-08 0.3 350 30 70 25,550 1.29E-10 6.1E-03 7.9E-13 0.(1)
Ethyl benzene 2.73E-05 0.075 1.01E-05 0.3 350 30 70 25.550 2.98E-08
Methylene chloride 1.12E-05 0.075 4.17E-06 0.3 350 30 70 25.550 1.23E-08 7.5E-03 9.2E-I 1 0.0%-
Toluene 1.49E-05 0.075 5.54E-06 0.3 350 30 70 25.550 1.63E-08

Total Risk: 5.4E-06

Noncancer Hazard Index Calculations
Exposure Exposure Body Averaging Food Ingestion Oral Food lngestion! % of

Cmt BCR Cmk DCR Frequency Duration Weight Time CDI RID Hazard Total
Groundwat rr mg g • .ked) (m "ke (davg 4d•ar) (years L Way ngkday) Qo

Antimony -- 0.075 1.15E-03 0.3 350 30 70 10.950 4.72E-(6 4.0E-04 1.2E-02 1.4%
Arsenic -- 0.075 1.76E-03 0.3 350 30 70 10.950 7.22E-06 3.OE-04 2.4E-02 2.95-
Barium 2.39E-04 0.075 1.01E-03 0.3 350 30 70 10.950 4.40E-06 7.0E-02 6.3E-05 0.0-
Selenium -- 0.075 4.48E-02 0.3 350 30 70 10.950 1.84F-04 5.0E-03 3.72-02 4.44

Vanadium - 0.075 -- 0.3 350 30 70 10.950 - 7.0E-03 0.0%
Carbon tetrachloride 4.27E-05 0.075 1.58E-O5 0.3 350 30 70 10.950 1.09E-07 0.04
Chloroform 1.18E-07 0.075 4.37E-08 0.3 350 30 70 10.950 3.01E-10 I.OE-02 3.0E-0 00.o
Ethyl benzene 2.73E-05 0.075 I.OIE-O5 0.3 350 30 70 10.950 6.96E-08 1.0E+00 7.0&-08 O.o00
Methylene chloride 1.12E-05 0.075 4.17E-06 0.3 350 30 70 10,950 2.87E-08 6.0E-02 4.8F.07 0o04-
Toluene 1.49E-05 0.075 5.54E-06 0.3 350 30 70 10.950 3.81E-08 2.0E+O0 I.9E-0 00.0

Hazard Index: 8.3E-01

M.2-1
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Appendix Table M.2-2a Residential Exposure: Agricultural Uptake - Ingestion of Meat and Dairy Products
Containing Groundwater COCs (RME 95% UCL Concentrations) Page I of I

Exposure Scenario: Current and/or Future Use 'Exposure Pathway Variables
Exposed population: Local (Farm Family) Residents Cant (Estimated COC Concentration in Meat) - COC-specitic (Appendix Table M.2-2b)
Exposure Pathway: Onsite GW->Stookey Well GW --> Cattle ->Food 3CR (Beef Consumption Rate)* - 0.075 kgiday (EPA. 199l a)
Exposure Location: Surrounding Agricultural Areas Cank (E-stimated COC Concentration in Milk) - COC-specific, (Appendix Table M.2-2b)

DCR (Dairy Prod. Consumption Rate)* 0.30 kg/day (EPA, 199] a)
Intake and Risk Calculation Equationa EF (Exposure Frequency) =350 days/year
CDI (mg/kg/day) = ((Cmt*BCR)+(Cmk*DCR))*EF*ED/(BW*AT) ED (Exposure Duration) =30 years (per 70-yr lifetime)
Cancer Risk - CDI *SF BW (Body Weight) 70 kg
Hazard Quotient (HQ) - CDI/RfD AT (Averaging Time,
Hazard Index - Sum of COC-specific H~s Carcinoenic Effects) =2S,550 days

__AT (NocaEffects) =10.950 days

*O(WGg The ingestion rates for beef and dairy products used in this analysis are considered by
EPA to be 'reasonable wvorst case cortrssanption rates, and wer" developed assuming that the farm
family produces 75 percent of what it consurnesfroen these categories (EPA, 1991a).

Cancer Risk Calculations
Exposure Exposure Body Averaging Food Ingestion Oral Food Ingestion! %' of

Cant OCR Cank DCR Frequency Duration Weight Time CDI SF Cancer Towa
GroundwaerCO .Imy/k jkg/4a~y Imeft) £kr/da (&Vdar (ca rs~) iwZ JdaysI (mCgkg/daX) jnZ&&gjL Risk CR

Antimony - 0.075 6.30E-04 0.3 350 30 70 25.550 1. 11 E-06

Barium 9.76E.05 0.0 75 4.13E-04 0.3 350 30 70 25.550 7.70E-07
Selenium *- 0.075 9.91 E-03 0.3 350 30 70 25.550 1.75E-05
Thallium - 0.075 9.42E-03 0.3 350 30 70 25.550 1 .66E-05
Vanadium -. 0.075 - 0.3 350 30 70 25,550 -

Carbon tetrachloride S. 13E-06 0.075 1.90E-06 0.3 350 30 70 25,550 5.61 E-09 5.3E-02 3.OE-10 0.0*
Chloroform 5.90E.08 0.075 2.19E-08 0.3 350 30 70 25.550 6.45E- I1 6.I1E-03 3.9E-13 0.0%
Ethyl benzene 3.41 E.06 0.075 1.26E-06 0.3 350 30 70 25,550 3.73E-09
Methylene chloride 1.66E-06 0.075 6.17E-07 0.3 350 30 70 25.550 1.82E-09 7.5E-03 l.4E-1 1 0.0%
Toluene 2.04E.06 0.075 7.55E-07 0.3 350 30 70 25.550 2.23E-09

Total Risk: .IE-06

Noncancer Hazard Index Calculations
Exposure Exposure Body Averaging Food Ingestion Oral Food Ingestion: %-of

Cant 3CR Cmk DCR Frequency Duration Weight Time CDI RID Hazard Total
Grundwater L~ LmZUg (ky/dau) Ime/g1 Lkelda) (davs/veg.1 (Years L Ldwxs LM&&1kgda Wtf~tldax Qutient LU

Antimony *- 0.075 6.30E-04 0.3 350 30 70 10.950 2.59E-06 4.OE-04 6.5E-03 13%
Arsenic - 0.075 6.95E-04 0.3 350 30 70 10.950 2.86E-06 3.OE-04 9.SE-03 1.9%.
Barium 9.76E-05 0.075 4. 13E-04 0.3 350 30 70 10.950 1.8OE-06 7.OE-02 2.6E-05 0.0%
Selenium,* 0.075 9.91 E-03 0.3 350 30 70 10.950 4.07E-05 5.OE-03 8. I E-03 1.6%

Vanadium - 0.075 - 0.3 350 30 70 10.950 - 7.OE 000
Carbon tetrachloride 5.13E.06 0.075 1.90E-06 . 0.3 350 30 70 10,950 1.3 1E-08 0.0%
Chloroform 5.90Ea0 0.075 2.1913-08 0.3 350 30 70 10.950 I.SOE-10 I.OE.02 I.5E-08 0.0%
Ethyl benizene 3.41E-06 0.075 1.26E-06 0.3 350 30 70 10.M5 8.70E-09 1.OE+00 3.7E-09 0.0%
Methylene chloride 1.66E-06 0.075 6.17E-07 0.3 350 30 70 10.950 4.24E-09 6.OE-02 7.IE.08 0.0%
Toluene 2.04E-06 0.075 7.55E-07 0.3 350 30 70 10.950 S. 19E-09 2.OE.O0 2.6E-"1 0.0*

Hazard Index: 5.IE-011
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GWAGINGI.XLS. l9N4 l0:1l AM 'idk



< <<
z zzO

cc.N

4)C? 9 . 9

J-2

00
to btw

E rg bO ON a,

CA E0 ENOO

-~~~ --- 12 -

100
ci c- 0 t..5-

-. 13~

4M L) E 0

0 00 0 , 7

a,000

0= .0 3

ZZ z 0 C-ý

10 MD r- t

C' U8
In U - -,:-

N. -0. ' o
co.0 -r 

-t

fn

0 > 00

Cu

-. I, 2;=

.2 ___M.2-4



E4 .

Io

4) C

ul

.21 V: V T- 2 >

~+ +

u -I
0 q ;;0f -I =C

00 00 00 ý 0 t rO

1. %'0''% ' !- 0 '0OO'' '0) B

IT - -a
I-n

Cu~~ ~ a.0 ' ~ '

0-00 0 2+v0'~-

-~~~~~r =O~0~-* O e S

biC Or a 4) =30

- - 3rib

-. U . tht

U,0 'c- 0 -~

C4-

w 0

E .D i . -a ,- : ru 0 u > a

- 10 -- 0 '-
0 --.t

4) , a .*w

E i"I'l c 2 E I ii NhL.
MEOU )U E QU

M.2-5



Cuu

%i c;v~or hd 0ý( i d 0

Cuu

Cu~ 00 In\01 11 Min04-
400.

cc 0 Cý I 
I "'

to > C O C

ccc
A - >

.2- V)W)w 0 Or-

C 00~00000 cc 0- t41 -

.e ~ .ooooeri .~ I- c 0

0000000000 = 0.t=.-O' -Z -

(/~~~~~ ~~ P7,~' '0 '' ' 00 '0 '

0 0  U
-0 cc ~ 0 u0

0 00 00 000000www 212 r- i.
Cu11 ý11 ~ .

Cu t-b c IH

9M nnon~ 0 am 00

46 r- 44AOD LU-

00

s ~ 2 r=0

CuC

M.2-6



Appendix Table M.2-5 Future-Use Residential/Agricultural Scenario: Consumption of Meat and Dairy Products
Containing SWMU I Soil COCs Page I of I

Exposure Scenario: Future-Use Residential/Agticulturall Exposure Pathway N ariables
Exposed Population: Farm Family Residents Cmi (Estimated COC Concentration in Meat) = COC-specific (Appendix Table M.2-3)
Exposure Pathway: SWMIJ 1 Soil COCs -> Cattle ->Food Intake BCR (BeeftConsumption Rat 0.075 kg/day (EPA, 1991a)
Exposure Location: On-s-ite 0TEAD-S) Cmk (Estimated COC Concetrmation in Milk) - COC-specific (Appendix Table M.2-3)

DCR (Dairy Prod. Consumption Rate)*= 0.30 kg/day (EPA, 199] a)
Intake and Risk Calculation Euations EF (Exposure Frequency) =350 dayslyear
CDI (in/g/gday) - t(Cmt*BCR>4(Cmk*DCR))*EFED/(BW*AT) ED (Exposure Duration) =30 years (per 70-yr lifetime)
Cancer Risk = CDI 0SIF BW (Body Weight) =70 kg
Hazard Quotient (HQ) = CDL/R(D AT (Averaging Time,
Hazard Index = Sum of COC-%pcific Hs [Carcinogenic Effects) *25,550 days

JAT(Noncarc Effects) =10.950 days
Ofigkc 77e ingestion rates for beefamddaryprodwcrx used in thv waa6hsis are cornsideredby

EPA av be -reasona~ble worst ewe" consumpuion rat'es, and were developed assuming that the
farm fainli~v produces 75 percen ofwhat itconsumeyfromi these categories (EPA, 199/a).

Cancer Risk Calculations
EXPosar Exposure Body Averaging Food Ingestior Oral Food Ingestiote of

Cmt SCR calk OCR Frequency Duration Weight Time CDI SF cancer TOtW
Solrc mSgU figt~ax .Lg&co (ky/day (daystve) (years 24 LdaxsI (melg~gi mylkr/day. l a

Aluminum 0.002+,00 0.075 0002.+00 0.3 350 30 70) 25.550 0.0013+00 0.OE+00 0.013+00 13.0
Aneasic 0.00E+00 0.075 7A44-04 0.3 350 30 70 25,550 1.3IE.06 IJSE+00 23.3206 .9
Barium 5.52E.01 0.075 1351E-01 0.3 350 30 70 25,550 2.662-04 0.02+00 O.OE+00 o~o*
Beryllium 0.OOEi+tl 0.075 4.03E-07 0.3 350 30 70 .25.550 7.10E-10 4.313+00 3.IE-09 ti.1%
Cadmium 0.002E+00 0.075 4.322-02 0.3 350 30 70 25.550 7.6013-05 0.02.00 0 OE.00 (i.0%
Chromium Ill 2.14E+tX) 0.075 2.54E-01 0.3 350 30 70 25.550 4.48E404 0.02+00 0.013+00 t0.0
Chromium VI 2,3813-01 0.075 2.82E-02 0.3 350 30 70 25.550 4.97E-05 0.02+00 0 OE+00 0.0*
Chromium (Total) 0.002+00 0.075 0.002+00 0.3 350 30 70 25.550 0.002+00 0.OE+00 0 OE+00 (10%
Cobalt 0.002E+00 0.075 0.OOE+00 0.3 350 30 70 25.550 0.002+00 0.OE+00 002E+00 0.0%*
copper 4."9E+00 0.075 6.45E-0 1 0.3 350 30 70 25.550 1. 14E-03 0.013+00 0 02+00 0.01*
Lead 0.002E+0(X 0.075 2.872-02 . 0.3 350 30 70 25.5,50 5.0613-05 0.OE+00 0 02+00 0.0%
Manganese 0.002+00 0.075 0.002E+00 0.3 350 30 70 25.550 0.0013+00 0.02+00 0 OE.00 0.0t*
Mercury 0.002+00 0.075 5.58E-05 0.3 350 30 70 25,550 9.82E-08 0.02+00 0.02+00 0.0%
Nickel 6.76E-02 0.075 3.342-02 0.3 350 30 70 25.550 5.882.05 0.02+00 0.02+00 aim11
Silver 1.43E-03 0.075 9.682-03 0.3 350 30 70 25,550 1.702-05 0.02+00 0.02+00 0.0*
Thallium 0.002+00 0.075 3.232-02 0.3 350 30 70 25.550 5.69E-05 0.02+00 0.02+00 tM1*
Vanadium 0.002E+00 0.075 0.002+00 0.3 350 30 70 25.550 0.002+00 0.012+00 0.02+00 01.01
Zinc 0.002+00 0.075 0.002+00 0.3 350 30 70 25,550 0.002+00 0.013+00 0.013+00 01.01
Cyanide (Total) 6.8223-03 0.075 5.622-03 0.3 350 30 70 25,550 9.90E-06 0.02+00 0.02+00 11.0*

Total Risk: 2.3E-06

Noncancer Hazard Index Calculations
Exposure Exposure Body Averaging Food Ingestior Or~al Food Ingestioni * of

Cmt BCR Cink DCR Frequency Duration Weight Time CDI RflD Hazard Total
SolAO m:Ug Lkr/dav .Lmrglk Lkp/&) (daxyjenr (yeas)~ L ILUS) (mkrcbvldy. (met/day1 Quoienstm

Aluminum 0.002E+00 0.075 0.002+00) 0.3 350 30 70 10,950 0.002+00 1.013+00 0.01E+00 11.11
Arsenic 0.002+00 0.075 7.44E-04 0.3 350 30 70 10,950 3.06E-06 3.02-04 102-02 0.5%
Barium 5.52E-01 0.075 1.51E-01 0.3 350 30 70 10.950 621E-04 7.02-02 8.92-03 0.5*
Beryllium 0.002+00 0.075 4.032-07 .0.3 350 30 70 10.950 1.66E-09 5.02-03 3.32-07 0.0-*
Cadmium 0.002+00 0.075 4.32E-02 0.3 350 30 70 10,M5 L.772-04 1.0203 13E-01 j9A%
Chromium I11 21410 0.075 .:2.54E-01 .0.3 350 .3 7 . .0950 1.04E-03 1.02+00 12-03 0.1*
Chromium VI 2.38E-01 0.075 2.81221-02 :0.3 350 30 70' 10,950 1.1613-04 511E-03 2.3E-02 1.2%
Chromium (Total) 0.002+,00 0.075 0.002+00O 0.3 350 30 70 10.930 0.002+00 0.013+00 01.01
Cobalt 0.002E+00 0.075 0.002+00 0.3 350 30 70 10,950 0.002+00 0.02+OD 1101*
Copper . 4.99E+00 0.075 6.45E-01 4D.3 350 30 70 10,950 2.65E-03 3.7E-02 712-02 i 3.6*k
Lead 0.002E+00 0.075 2.872-02 0.3 350 30 70 10,950 1.182E-04 0.02+00 : 0.0%
Manganese 0.002+00 0.075 0.002+00 0.3 350 30 70 10,950 0.002+00 1.42-01 002E+00 0.0*
Mercury . 0.001+00 0.075, .5.58-05 :.0.3 350 30 70 10.9-50 2292-07 3.02-04 7.623-04 t0%1
Nickel 6.76E-02 0.075 3.34E-02 0.3 350 30 70, 10,950 1.37E-04 2.02-02 6.92-03 0.3*
Silver . 1.43E-03 0.075 9.682-03 413 350 30 70 10.950 3.9823-05 S.0E-03 8112-03 G04*
T111l11110m 0.002+00 0.075 3.23-02 0.3 350 30 70 10.95D 1.33E.04 U"0-0 . .E400 01.3%
Vanadium 0.002+'00 0.075 0.002+00 0.3 350 30 70 10.950 0.002+00 7.02-03 0.02+00 0.0%
Zinc 0.002+.00 0.075 0.002+00 0.3 350 30 70 10.950 0.002+00 3.132-01 0.02+00 la0
Cyanide (Total) 6.822-03 0.075 5.62E-03 0.3 350 30 70 10,950 231 E,05 2.O2-02 1.22-03 0.1*

Hazard Index: 2.02+00

M.2-7
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Appendix Table M.2-Sb Residential Exposure: Agricultural Uptake -- Consumption of Homegrown Produce
Containing SWMU I Soil COCs Pagc I of I

Exposure Scenario: Hypiothetqical Future Use 'Exposaire Painbmas Varuiabbls
Exposed Popt, aktin: Farm Family Residents Cf (Estimnated Soil COC Conc. in and on Vegetation) . COC-specific (Appendix Table M.2-4)
Exposure pathway: SWM U I Soil COCs -> Plants ->P'roduce VCR (Vegetable Consumption Rate)*= 0.080 kglday (EPA. 1991 Ia)
Exposure Loication: On-stue (TEAD-S) HF (Exposure Frequenicy) -350 days/year

ED (Exposure Duration) =30 years (per 70-yr lifetime)
Intake and Risk Calculation Euations BW (Body Weight) =70 kg
jColl(mg/lg,/day) = (Cf*VCR*EFEDY(BW-AT) AT-Averaging Time -

ICancer Risk = CDI * SF Carcinogenic Effects =25.5.50 days
Hazard Quotient (HO) = CDIIRfD Noncarc Effects =10.950 days
IHazr Index = Sum of COC-specific HOt _______________________________________

*Nate., This analysis assumnes that the farm famin/ cultivates vegetables only, fruit is not expected to be grown given the sail types
described in text section 4.1.1.2. Additionally, plant uptake of heavoy metals in fruits is documented to be very low (Saueybeck 1988).
The defaltu coaswnps'ion rate of 8t glday recomnmendedbyv EPA (1t

9
91a) assumies that 40 Percent of the vegetables consumed on a

daily basis Is homegrown.

Cancer Risk Calculations
Expoeur Expoisure Body Averaging Food Ingestion Oal Fotsd Ingestion %of

Cf VCR Frequencmy Duration Weight Time CDI SF Cancer Tota

Aluminum I.58Es411 0108 350 30 70 25.550 7.41E.03 0.0E.+00 00OE400011
Arsnic 7.33E-02 0.08 350 30 70 2S.550 3A4E405 UJE+40 %0.5 9.7%
Barium 1.28E+481 0.08 350 30 701 25.550t 6.t8IE-(14 )ODE+(8) tlOE+481 t00t%
Beryllium 1.Ot3E-413 OAS1 350 30 70 25.550 4.71E-07 4.3E+00O 2.OE-06 33
Cadmium 9.16E4)1 0.08 3501 30 701 25.550 4.30E-014 O,OE+i483 D00E+40 40.t%
Chrotmium III 4.58E411I 0.0118 350 30 70 25.550 2.15E-04 0.0(140) O.OE's41 0t.0%
Chromium VI S.OXtE-(12 01.08 3501 30 70 25.5501 2.39E4)5 0.(.E410 0 0OE4481 0i.0%
Chromium (Total) (l.(X1E*481 0.018 350 30 703 25.5501 0.(XIE.4l0 O.t1E+i48 O.E(1 0tt43t.01%
Cotbalt 5.017E-)3 01.08 350 30 70 25-550 2.38E406 0.0E(1i.0 00(1*0(3 0.01%
Copper 3.11 E-Ol 0.t09 350 3(1 70 25.5501 1.46E4)4 ()ItlEv(tI (ltlE+lX) 00,t%
Lead 9.0 1E4(1l 0l.08 35(1 30 70 25.5501 3.76E-(14 O.(E.00 O.lE+i(X) 0t.0%
Manganese 3,33E4)1 0(18 350 303 70 25.5503 1.56E4)4 0.OE+.00 00(1.483 00o
Mercury 4.26E).13 0.098 350 30 70 25.5504 2.00)E.06 0.0(1*00 00(1*00 40.3%
Nickel 2.74E4(12 0.08 330 30 70 25.530 I.29E-05 0.(IEv00) 00(.00(10
Silver 6.13E-04 0.08 350 30 70 25.550 2.88E-(17 0.OEv00 00(1.410 01.9%
Thallium I.411E-02 0.08 350 301 70 25.5.50 6.56E(4)6 0.OEv410 0(3(1483) 0t.9%
Vanadium I1.29E-4)2 (0.08 350 30 701 25.550 6.08E-416 0.0E44100 .OEv00 :1 3.01%
Zinc 9.75E4)1I t0.08 350 30 7(0 25.5501 4.58E404 0.0E(1*4) 00OE4481 0.30%
Cyanide (Total) 4.6 1 E-44 0.108 35(1 30 701 25.550 2.17E-07 0.OEv00 O)OE..O0 03.0%

Totul Risk: 6.2E4135

Noicancer Hazard Index Calculations
Exposure Exposure Body Averaging Foodi Ingestion Oral Food Ingestion: 9 of

Cf BCR Frequenicy Duration Weight Time CDI RfD Hazard Taid
Sol& (yk) k/ay) (sda%%/Xar) (years) LWZ £lAWz £mesrzthyax Onggylax) 0giientn

Aluminum I.58E+0 1 0.038 3503 30 70 101.9501 1.73E-4)2 I.IIE...olt 1.7E-(02 1.1%
Armuen ~ 7.33E-02 0.0811 350 30 70 10,950 L03E415 3.OE.4W 2.7(1.01 V7.3%
Barium I.2KE44X) 0.018 350 30 70 10.9501 I.40E-t13 7.OE.02 2.OE-02 1.3%
Beryllium I.(8E-03 0.08 350 30 70 10.95 l.IOE-06 S.OE403 2.2E-04 11.0%
CAdmium 9.16E.01 0.0S 350 30 70 ION95 LOOM.0 1.OE.3 I10(.41 6419%
Chromium III 4-58E4OI 0.08 350 30 70 10.950 5.02E4)4 L.0(100 5 OE-(14 (10t%
Chromium VI 5.08E-012 0.08 350 30 70 10.950 5.57E-05 5.OE-03 I. 1E-02 Q17%
Chromium (Total) 0.(X)E.430 0.A1 350 30 70 10.950 0OOE.41 0.OE400 (.1
Cobalt 5.07E-03 0.08 3501 30 70 10.950 5.56E-06 0.OEOO(331
copper 3.11 E-01 0.08 350 * 30 70 10.950 3.4 1E4)4 3.7E1412 9.2E403 ().6%
Lead S.OlE-Il 0018 350 30 70 10.950 8.77E4)4 0.OE.410 03.0%
Manganese 3.33E4)1l 011 350 30 70 10.950 3.65E4)4 IAE-01 26E.03 (1.2%
Mercury 4.26E-(13 0.08 350 30 70 10.9501 4.67E-016 3.OE-49 1.6E-02 i113%
Nickel 2.74E-4)2 0.08 350 30 70 10.950 3.01E415 2.OE.02 1.5E403 0.1%
Silver 6.13E4)4 (1.081 350 30 70 10.950 6.72E.07 5.0(103 1.3E-04 31.0

mfanikum IADEA12 *A6 350 30, 70 80,95 IJSE-OS S.OE.0 lIE-8l 12A%
Vanadium 1.29E14)2 0.118 350 30 70 10.950 1.42E4-O5 7.OE-03 20E-4)3 11.14

Zinc 9.75E1-01 0.011 350 30 70 10.9501 1.07E1.03 3.0(1-01 3.6E403 01.2%
Cyanide (Tottal) 4.6lE404 (1.08 350 30 70 103.950 SJ)6E.07 2.OE-()2 2.5E1.05 l1.33

Hazard Index: LSE4141(1
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Appendix Table M.2-8 Future-Use Residential/Agricultural Scenario: Consumption of Meat and Dairy Products
Containing SWMU 25 Soil COCs Page I of I

Exposure Scenario: Future-Use ResidentiallAgricultural Expoinare lPathwaa uarnable-s
Exposed Population: Farm Family Residents Cmt (Estimated COC Concentration in Meaw) = COC-specific (Appendix Table M.2-6)
Exposure Pathway: SWMUJ 25 Soil COCs -> Cattle ->Food Intake BCR (Beef Consumption Rai - 0.075 kg/day (EPA, 199 ax)
Exposure Location: On-site (TAD-S) Cmnk(Estimated COC Concentration in Milk) = COC-*peific (Appendix Table M.2-6)

DCR (Dairy Prod. Consumption Rate)*= 0.30 kg/day (EPA, 1991 Ia)
Intake and Risk~ Calculation Euations E1F (Exposure Frequency) =350 days/year
CDI (mg/kg/day) = ((CmI*BCRH+Cmk*DCR))*EF*D/(BWA1)i ED (Exposure Duration) =30 years (per 70-yr lifetime)
Cancer Risk -CDI 0 SF BW (Body Weight) =70 kg
Hazard Quotient (HQ) = CDI/RfD AT (Averaging Time,
Hazard Index = Sum of COC-specific H~s . -Carcinogenic Effects) =25,550 days

LAT (Noncxac Effects) =10.950 days
ONAL The ingestion rates for beef and dairY products used itntins anahs& are considered by
EPA a, be "reasonable worst case" comamp.'ion rates, and were developed assuming that the
farm famih' produces 75 percent ofw hat it coounues forom these categories (EPA, 1991a).

Cakncer Risk Calculations
Exposure Exposure Body Averaging Food Ingestion Oral Food Ingestioni %of

Cmt 5CR Criti DCR Frequency Duration Weight Time CD1 SF Cancer Total
Soil ro jmg&g Iky1dayi 4mr~r) flWALU Lday~slyar)l w LIkgl I~x mp/klday) niglktday) Ris R

Aluminum 0.002+00 0.075 0.OOE+00 0.3 350 30 70 25,550 0.002+00 0.4E.441) 0.OE+00 00*%
Antimony 0.OOE+00 0.075 3.562-03 0.3 350 30 70 25.550 2.74E-06 tl.tE+04X 0.OE+00 0.0%
Barium 1.50E+.00 0.075 4.13E-01 0.3 350 30 70 2.5,550 7.27E-04 tt.tlEAstt 0.OE+00 00o%
Beryllum 0.OOE+00 0.07S 4.35E-0 0.3 350 30 70 25,550 7M6E-10 4.3E+00 3.3E-09 100.0%
Cadmium 0.002+00 0.075 5.35E-03 0.3 350 30 70 25.550 9.43E-06 (1.08.00X 0.02.00 0.0%
Chromium III 1.98E+00 0.075 1,36E-01 0.3 350 30 70 25,550 4.16E.04 0.tE~)E.W 0.02.00 0.0%
Chromium VI 2.20E-0 1 0.075 1.62E-02 0.3 350 30 70 25,550 4.62E-05 0.OE.00) 0.02+00 0.0%
Chromium (Total) 0.OO)E+00) 0.075 0.002+00 0.3 350 30 70 25,550 0.0013+00 0.412+IX 0.OE+00 0.0%
cobalt 0.002+0(X 0.075 0.OOE+00 0.3 350 30 70 25.550 0.OOE+00 41.412+00 0.02.00 ott%
Copper 6.94E+00 0.075 9.0O1E-01 0.3 350 30 70 25.550 1.59E-03 (l.41E..4t0 0.02.00 00l%
L~ead 0.OOE+410 0.075 2.97E-02 0.3 350 30 70 25,550 5.24E-05 t).tlE+.5) 0.OE+00 0.0%
Manganese 0.002+00 0.075 0.OOE+0O 0.3 350 30 70 2.5,550 0.OOE3.00 O.tlE+04) 0.013+00 00l%
Mercury 0.OO)E+00 0.075 8.23E-05 0.3 350 30 70 25,50 1.45E-07 O.0E+(X) 0.02+00 mm%
Sicklve 6434E-03 0.075 3.19E-02 0.3 350 30 70 25,550 5.692E-05 11.4+4X) 0.OE.00 00(%
Nilker 6.343E-03 0.075 2.95E-02 0.3 350 30 70 25,550 5.19E-05 0).4)2+4K) 0.OE+00 0.0%
Thallium 0.0013+00 0.075 3.3513-02 0.3 350 30 70 25,550 5.90E-05 41.0E.41 0.OE+00 0.0%
Vanadium 0.OOE+00 0.075 0.OO13+00 0.3 350 30 70 25,550 0.002+00 41.0E+511 0.OE+00 00%

Zinc 0.OOE+00 0.075 0.0(12+00 0.3 3511 30 70 2.5,550 0.0013+00 tt.4l+4X) 0.02+00 1)0

Cyanide (Total) 3.0211-02 0.075 2.50E-02 0.3 350 30 70 25,550 4.402E-05 tl.41E+414) 0.02+00 0.0%

Total Risk: 3.3E-09

Noneaneer Hazard Index Calculations
Exposure Exposure Body Averaing Food Ingestion Oral Food lngestiori %of

Cmt BCR Cmk DCR Frequency Duration Weight Time CDI RfD Hazard Total
Soil CO ImglkP1 (ký/djy.) (mrAO ftgjdaa) (day/yar (yeas)~ LkZw LJa~s1 (moA~g~y/dy Lmgtday Quoientic

Aluminum 0.002+00 0.075 0.0011+00 0.3 350 30 70 10,950 0.002+00 1.08.4(1) 0.02+00 0.0%
Antimony 0.002E+00 0.075 I1.56E-03 0.3 350 30 70 10,950 6.39E-06 4.0F_404 1.62-02 0.9%
Wurtn 1.502+00 0.075 4.13E-01 03.3 350 30 70 '10.950 .1.70E-03 7.4184)2 2.413-02 u.%

Beryllium 0.002+00 0.075 4.35E-07 0.3 350 30 '70 10.950 1.79E-09 5.08.03 36-7 0.0%
Cadmium 0.002+00 .0.075 5-35E-03 0.3 350 30ý 70 10.950 2201E-05 1118.03 2.2&-02 1.1*
Chromiuml111 1.9813400 0.075 2.36E -01 0.3 .350 30 '70 10.950 .9.71E-04 1.02.00 9.7E-04 0.0%
Chromium VI 2.20E-03 0.075 2.622-02. 0.3 30 30 :70, 10,950, 1.082-04 . 5.1)E4)3 2.22-02 1.1%
Chromiumh (Total) 0.00E+00 0.075 0.00E+00 0.3 350 30 70 10,950 0.00E+00 0.08.4W) 0110%
Cobalt 0.002+00 0.075 0.002+00 0.3 350 30 70 10.950 0.002+00 0.08.4K) 011%
Copper 6.948.40 4.07S 9.01E-01 0.3 . 350 30 70 .10,95() .3.70E-03 3.78402 1.E041 5.1%
Lead 0.002+00 0.075 2-97E-02 0.3 350 30 70 10.950 1.22E-04 (Lt18.4X) 0)10%
Manganese 0.002+00l 0.075 0.002+00 0.3 350 30 70 10,950 0.002+00 1.4E-01 0.02+00 0.0%
Mercury 0.002+00 0.075 8.232-05 0.3 350 30 70, 10.9501 3.3815-07 3.118-1 . 1.1-03 411%
Nickel 6.432-02 0.075 3.19E-02 0.31 .350 30 70, 10,950 .1.31E-04 211.02 6.6E-03 0-3.3
Silver . 4.34E-03 0.075 2.9515-02 .0.3 350 30 70 10,950 1.21E-04 5.41E-03 2.413-02 1.2%
lTtalium . .002.440 0.075 3.35E-02 :0.3 350 30 70 10,95 1.38E04 s.ois.05 1.7E+00 WA.%
Vanadium 0.002+00 0.075 0.00114W 0.3 350 30 70 10,950 0.002+00 7.418.03 0.02+00 0.41%
Zinc 0.002+00 0.075 0.00E+00 0.3 350 30 70 10.950 0.0013+00 3.11E-01 0.02.00 0.41%
Cyanide (Total) 3.02E-02 0.075 2.5(12-02 0.03 350 30 :70 10.950 1.03E-04 2.41842 5.111-03 (Lf3%

Hazard Ind"x: 1.9E.40)
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Appendix Table M.2-8b Residential Exposure: Agricultural Uptake -- Consumption of Homegrown Produce
Containing SWMU 25 Soil COCs Page I of I

Exposure Scenario: Hypothetical Future Use Exposure Pathway variable ____________________

Exposed Population: FarmnFamnily Resident% fEtmtrSIO ~. .s eeain COC-specific (Appendix Table M.2-7)
Exposure Pathway: SWMU 25 Soil COCs ->. Plants ->P~roduce VCR (Vegetable Consumption Rate)*= 0.080 kg/day (EPA. 1991a)
Exposure Lotcationi: On-site (TEAD-S) EF (Exposure Frequency) =350 days/year

E~D (Exposure Duration) =30 years (per 70-yr lifetime)
Intake and Risk Calculation Euations BW (Body Weight) =70 kg
CDI (mgilcg/dy) = (Cf*VCR*EF*EDY(BW*AT) AT-Averaging Time
Cancer Risk = CDI ' SF Carcinogenic Effects =25.550 days
Hazaird Quotient (HQ) = COI/RfD, Noncarc Effects =10.950 days
Hazard Index = Sum of COC-specific HOn _______________________________

*Note: This anal -s,. assumes that the farinfnsily cu/tivates vegetables only, faitu is nor expected to be grown given the soil types described in text section 4././.2.

Addtionally, plant uptake of ieusy metals infndirs is documemiedito be very low fSaueebeck /988). The default consumpntion rate of 81)g/day assuntes that
40)percent of the vegetables consumed on a daily basis is homegrown (EPA 19

9
Ja).

Cancer Risk Cakculatiu
Exposure Exposure Body Averagling Food Ingestion Oral Food Ingestion: %oft

Cf VCR Frequency Duration Weight Time CD1 SF Cancer Taial
SolCo mrtkol Akg/dayx (daysivea) (w~ars) kam W&SI tnmy/a& ) m~f&ll~) Bas CA

Aluminum 3.23E.441 W.11l 350 30 701 25.550 1.52E-02 o0.E-i(t0 010%
Antimo~ny 2.35E-02 0.018 35(1 30 70 25.5501 1.11 IE-05 0.01*00 t0t0
Barium 7.1181.00 01.08 350 30 70 25.550 3.33E-03 0.111+00 t(10O
Berryllium 1.461413 Will 3501 30 70 25,550) Wi"-C 411.00 3.01-06 100.0%
Cadmium 1. 14E.4)1 0.081 35(0 30 70 25.550 5.35E-oS 0.01.41X Q110%
Chnomium III 5.98E-4t1 0.081 350 .30 70 25.5501 2.8 1IE-04 0.01.00 t).o
Chromium VI 6.64E-4)2 0.081 350 * 30 70 25.M5 3.12IE-05 0.OEsO0) 0.0%
Chromium (Trtal) 0(X.l111.48 0.098 350 30 70 25.550 0JX111+0 0.OE.*01 Q10%
Cobalt 9.491-34. 0.11M 3501 30 701 25.5501 4.46E-4)6 ().01.00 0.0%
Copper .8.10E-01l 01.08 330 301 711 25.550 4.13E-04 0.01.4111 (10%
Lead 9.01E-01l 0.108 350 30 70 25.3301 4.23E-04 0.01.4111 0.01
Manganese 6.95E-4)1 01.08 350 30 70 25.5501 3.27E-4.4 0.0E+00 Q110%
Mercury 6.29E-03 0.018 3450 30 70 25.550 2,95E-06 0.0E+*O Q10%
Nickel 5.31EF-02 0.08 350 30 70 25.550 2.50E-05 0.01*41 (110%
Silver 3.77E4)3 01.08 350 30 70 25.55(1 1 .77E.06 0.01.00 0tto
Thallium 2.93E-02 (1.08 350 30 70 25.550 1.38E-05 0.015+00 01.0%
Vanadium 3.37E4)2 OA.R1 350 30 70 25.50 I1.58"-5 0.OEt1111 0150
Zinc 2.54E-01 01.08 350 30 70 25.550 1. 19114W 0(11*4111 0.00
Cyanide (Total) 4. 16E403 01.08 350 30 70 25.55(1 1.95E-06 .E4 0.0%*11ot

Total Risk: 3.IlE.4K

Noncancer Hazard Index Calculations
Exposure Exposure Bodjy Averaging Ftxsl Ingestion Oral FoodJ Ingestion: S of

Cf 9CR Frespaency Duration Weight Time Cot RfD Hazard Total
snlCC(yk fk~a/d) (diylyenr. (years) LW ~ wulail £my/kp/hag) (mylky/dxy Onotie

Aluminum 3.23E.*01 0.018 350 30 7(0 10.9501 3.5413-02 1.01.00) 3.5E-012 4.30
Antimony 2.3S".2 0.118 354 30 70 141.950 2.581415 4.014)4 4SE-02 7.9%
Barium 7A08E+t4XI am. 350 30 70 10,950 7.76E.03 7.0E-02 1.11-41 13A%
Beryllium 1.461141-3 0.08 350 30 70 10.950 1.60E-06 5.0E-03 3.2E-04 0.o%
Cadmidum 1.14141 8.06 350 30 70 loom5 125E-04 1AE.3 3.2E41 13.3%
Chromium Ill 5.98E.111 0.01 350 30 70 10.950 6.55E.0)4 L.OE400 6-5E-4M (t1.
Chromtium VI 6.64E.02 0.018 350 30 70 10.950 7.28E-05 5.013-03 1.5E-02 1.90
Chromium (Total) 0.IX1E.(X) 0.08 350 30 70 10.950 0.OOE+00 0.0E400 1100
Cobalt 9.49E-03 0.08 350 30 70 10.950 I1.04E-05 0.01.00 (Los
Copper 8.8111-01 0.01 350 30 70 10.950 9.614E-04 3.71-02 2.6E-02 3.20
Lead 9.01 E1-1 0.08 350 * 30 70 1(0.950 9.87E-04 0.OE.41 (1.00
Mangnes 6.95E1-1 0.08 350 30 70 10.950 7.62E-04 1.41-01 5.4E-03 03%7
Mercury 6.29E-03 0.018 350 30 70 101.930 6.89E406 3.OE404 2.3E4)2 2.10
Nickel 5.3 1E-02 0.018 350 30 70 10.950 5.82E-05 2.OE.02 2.9E-03 (140

Silver 3.77E-(13 0.018 350 30 70 101.950 4.13F-4)6 5.11-4)3 8.3E4)4 t1.1o
Thliu L931-4)2 . .8 .350 .30 . 70 *. 11,95 3.211.418 . 8.01.05 401.041 49.1%

Vanadium 3.371-412 0.08 350 30 70 10.950 3.7(11.05 7.01-03 5-3E4)3 (160

Zinc 2.54E4)1l 10A8 350 30 70 10.950 2.78E404 3.OE-01 9.3E-04 411%0
Cyanide (Total) 4.16E-(03 0.118 3301 30 70 101.950 4.561416 2.111-02 2.31.4)4 W1.1%

Hazard Index: 8.2E1.0
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APPENDIX M.3

RISK ASSESSMENT CALCULATION DOCUMENTATION FOR
HYPOTHETICAL FUTURE RESIDENTIAL USE PATHWAYS
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